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PREFACE 


TO 

l'OLU^fES IL Si III. 


^I'lFK vitliimcs, now ofTtircd to iho Public, lay down the Piinciples 
of J'ortilication, and explain the nature of Militaryin a 
niamuT strictly elcnicntary.^ No term is any where usea, i.which 
has not been pic\ionsly dclincd, and no complex work is treated 
of, initii ail its various component parts have been thoroughly 
ilhi^tratiMl m d* tail. 'I'lic perplexing mode, hitherto generally used 
ill tills countiy, of giving the dimensions of works of Fortification in 
foreign ineasines, has been rejected ; and not only have our ovm 
measiiu s invariably been used, but English phrases have also been 
adopted, as far as was piacticable. Those technical terms, used 
b\ ioieiLOi I'oigineei.s, which it was impossible to reconcile to the 
iiiiom <»f our language, have lieen set aside, and appropriate English 
e'.pressioiis Mibstilnt<‘d in their place ; excepting only in die case 
of witi ds, which by long habit have become familiar to us,and w'hich 
it might, therefore, have appeared more pedantic to reject than to 
letain. It will also be observed, that every point, line, and angle, 
vvhlcli can a{)|H ar in a plan or section, and every part, however 


• As many rcailcrs m,vy wish to provide fhcinsclves with this Course of 
I'.lcmciitrtrv J'ortificaliim, who have no occasion for the Practical Geometiy, 
1 have, f(ir their iiiforiiiati«>ii, stated several things in the Preface to the 
present Voiinnes, which were eiiher said or implied in Vol. 1> 

''oi.. II. j 3 
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imnute, of any work of Fortification, lias its own precise name 
mssigned to it; in entering into which details, 1 had in view an 
which has long appeared to me to be desirable, namely, 
,lhe establishment of a fixed Nomenclature, by means of which 
the British Engineer or ISIilitary Officer may make iiis report npoii 
a fortified place, without being under the necessity of using an 
uncoutli and barbarous phraseology, half foreign half Ii!ngli<!i. 

Bnt the characteristic, that probably will be allowed peculiarly 
to distinguish tliis work, is the perspicuit), whicli ha^ been 
attempted throughout. former auiliuis on I'oitiilcation, in 

general, the remark, made by Plnt.ach ii].on llie wiiticg'* of 
Aristotle, may be justly applied ; nanu iy, that lluw can <Mily serve 
to add to ^^inowledge or to lcfre^h ihc memones of ihose, who 
have gh^wy studied under a prrspu inasler; wheu av, b\ having 
the present work before lilin, aii} person of clear nndersta'uling, 
who has DO previous know ledge of l orliticalion whatever, mav be 
able to teach himself. 

The verv simple and perspicuous modt*, in which the subject 
has been treated, was oitLai.dlv ;rdt)]>ied by me, with a view to 
the instruction of the Non-C<’.ij5nns''-iuirt.d Ofti<‘frs and Soldrers of 
l^e Royal Engineer Depart era:, for whose special use, tire whole 
of the former volume of llus woik, and a considerable poition 
oven of the present volniite, weie expressly written.'^ But, 
although such was dm sole object with which i commenced, 1 
iditerwards judged it expedient t<i publish the Course, in onler to 
perpetuate, if possible, a system, which was soon found to be of tlie 
most essential benefit to that peculiar branch of tire service, for 
whidi it was originally composed ;t and having made this decision, 

M* 

I enlarged the work to a mucir greater extent, than was absolutely 
necessary for the above-mentioned purpose, in order to render it 


* See note (A) at the end of the Preface, 
t See note (B). 
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more ‘complete, and more generally useful. To the British 
OfHccr of Infantry, m hose duty frequently requires him to uskt 
in the cunstructiou of military works, who is always an essei^^ 
agent in the attack and delhnce of fortified places and positiow, 
and wh<», if he rises to command, may cd'ten lave to decide upon 
piojects laid before him by the Engineers, this book may be par¬ 
ticularly advantageous; as it will enable him to act, on sudi 
occasions, with greater knowledge, and consequently with greater 
confidence and tfiicicncy. Even to the Private Gentleman, wbo^ 
from a<lesircof information, aims merely at a geiiaral kuowledlge 
of modern history, it may not be unacceptable; as it w'iJl afford 
him die means of attaining a distinct notion of military opera¬ 
tions, ill die nairation of which, terms of Fottitli•ition miiat 
necessarilv be iniiodueed : nor arc dicse terms by any m'eaiiS more 
difiicuit lobe undersf<K-.i, than those of Architecture, with which 
everv pi'isou of tolrrable nluealion is familiarly acquainted-* 
f)li iet'rs th<‘ Corps of Hoyal Kiigiiieers, and others, who hawe 
been eilucatcd at the Militiiy Aeadcmy at Woolwich, or at eidier 
of the MiliUirv Colleges more recently established, will of cour^ 
iind inueii in the pre.sent work, which to them will be entirely 
supertliioiis, it having been written, as was before stated, w’ith 
a vitwv to die instniction of persons, v\ho had no previous know¬ 
ledge of the subject. Yet I may venture to assert, that even the well 
iiiforiiied Ofiiccr will meet widi many useful rules and ohseiy 

tf 

vutioiis, which have either been entirely overlooked, or negligendfr 
slurred over, or treated in an obscure and perplexed manner, by 
former authors of established rejiutatiou; and some useful military 


* For example, the terms, bastion, eurlaui, and ravelin, witlioiit ^hicli 
even the Gazette accemnt of a si<‘ge cannot be pnjpcriy understood, are by 
no means more diflteiilt, than the an'liiteetmal terms, pedestal, shaft, and 
capital; afid yet there is scarcely any i»ersoii so ignorant, as not to know 
tho precise meaning of the three lasUmentionad words. 
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are herein described, no account of which is to be found in 
^^4^ .other book. 

'' Jjt will be observed, that I have deviated from (what appears to 
.liie) the very ilUjiidged mode, hitherto followed by several 
elementary writers on this art, who, after laying down tlie con¬ 
struction of five or six different systems of Fortification, give their 
own opinions upon the advantages and disadvantages of each; 
and so conclude, without explaining any one system in detail, 
and without entering sudicientlv into those fundamental ruic9, 
which apply to works of Fortification in general. Being of opinion, 
for reasons more fully stated in the body of the l)or>k, that this at* 
tempt at too great a multiplicity (►f information, tends rather to 
perplex tg improve a learner, i have, as a specimen of the 
nature m a finished fortress, given the construction of one parti¬ 
cular system only; choosing, by way of example, tliat which is 
usually sty led the first system of Vuiiban,* not as being the best, 
but as being the simplest, and tliercfore the ni<»st convenient for an 
Elementary Work. The plan, thus adopted, of course precluded 
me from attempting to give any new* ideas of my ow n, as .to the 
most suitable form for the outlines of a fortress, so that whatever 
value this work may be allowed to possess, must rest more upon 
the plea of utility than of originality. ITierc is, however, one very 
important part of the subjr ct, which will he found to be treated in 
a manner perlectly new. 1 allude to those chapters, which take 
into coiisideiatfon the proper strength of revetments, or retaining 
walls, an investigation useful and interesting not only to the 

* I make use of the p\pres.si()n “ because, although it passes by 

the name ofVauban, \viio used it in the cunslructioii and rc|>airsora great 
number of fortre.s.scs, he Ims iii reality copied the cuustniction of it so very 
closely from the works r»f former Engineers, that as far as ibis system is 
concerned, he has no just claim lo the merit of invention. Iiriiis second 
and third systems, which arc briefly noticed, tint not explained in detail 
in the course of the following work, ha is more uriginuJ. 
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inUitary, but also to the civil Engineer, and indeed to die learned 
world in general, as it has, for more than a century, engaged the 
attention of eminent inullieniaticians. 

It was my design, when I first decided upon pttUisliing the pra- 
sent work, to ha\e atlded the rules usually followed in the regular 
attack of fortified places, and to have illustrated them not only by 
general and detailed plans and sections of the various works of a 


siege; but also by practical details, stating tlie quantity of mate¬ 
rials, the number and best arrangement of the men, and ttie time 
requisite, for each particular operation. At the period alluded to, 
a work of lliis kind w uuld have been highly useful to the Officers of 
the Coips of lloial Engineers; for those, who were desirous of ac¬ 
quiring tlio necessary infonnation, had then no mcant>k 0 .f preparing 
themseiies for their arduous and important duties in tlie‘ Held, ex¬ 
cepting hy mere theory; and it may be observed of the foreign 
books, to which they wtTe obliged to have recourse, that errors 
arc to be found in the best of them, as far as regards the prac¬ 
tical pint of Engineering, and in none of them are tlie whole of 
the held duties explained in sufficient detail. 'I hesc disadvantages, 
howe\cr, no longer aftett the Officers of the Cor[)s of Royal En- 
giuetis, in consequence ol the great improvement, which was in¬ 
troduced into that brunch of his ]VJajest>’s service, in the )ear 18112, 
under the udiuinislralion ol the Eail of Mulgrave as Master*General 
of the Ordnance, about a year after Lieutenant-General Mann 
had been nominated to thp cotniiiand of tlie Corps. Since Uiat 
period, the .Junior Officers of the Royal Engineers, and all the Non- 
conimissiuiicd Officers and Soldieis of the Jlepartinei.t, in addition 


to the studies requisite for llu'ir respective stations, liave been dili¬ 


gently exercised, not onlv in tlie cxecnlion of parallels, approaches. 


batteries, saps, mines, and oilier works of a siege ; but also in the 


maiKcuvres of pontoons, and in the formation of military'bridges 
in general so that there is now no operation, which the British 


• Sco ui>t« (C). 
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fogineer Department can be called upon to perform, in tite 
face of an enemy, for which the officers and men may not, with 
propriety, be said to have been previously qualihed by actual 
experience ;* and the kind of experience, which is thus acquired 
at home, is peculiarly necessary for a Corps, whose duties are 
not only of the most vital importance towards the success of 
irmies, but which, in a war of sieges, such as every obstinate pro¬ 
tracted contest must necessarily lead to, are of so very hazardous a 
nature, that in the common course of military events, the major 
part of the officers are always likely to be killed or disabled, before 
diejr'can possibly have opportunities of acquiring au equal degree 
of practical knowledge in the held, t 

Since, bj^ason of tlie improved system, whicli has been dc- 
acribed, a treatise upon the attack of fortitied places is no longer 
mdispensably necessary for the use of the Royal Eiigiiwer Depart¬ 
ment, j; I have given up the intention of uudertukiug it; although 
something of this kind may so far be denned an essential part of 
Elementary Fortiiication, that, strictly speaking, no work bearing 
that title can be considered complete without it. Enough, 
however, has been done, in the present volumes, to qualify the 
reader for improving himself by further study; for after going 
through this Course, he will lind no difficulty in coniprehnidiiig tlie 
works of’offier w'riters, who have treated those |)artsof die subject, 
trhicb I have left untouched; altlK>ugb, if he hsui iiot thus prepared 
himself, he could, as I before observed, have derived little or no 
benefit from them, ivitbout the assistance of a master. 

* See note (D). 

t Sec note (E). 

t See note (E). 
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(A) Tlic fompunifs f>rR(»}al Militarv jVrtifioers, ns the men of the Royal 
Rnirinrer Dl'pitrIniDif wore forinriU cnilf'd, hriu;,^ laiscd hv the Duke of 
Ricliinuiul, at the oiui of the American r. nr, chielh vi itii ntiew to employ them 
as workmen in (lie principal roiircascs in tlic Jiritiiili doniinion>, were not 
org«nt/e<l in sneli a inminer as to render them also useful, iu the eveut of a 
new war; and their discipline was almost entirely neglected, they being, 
both by tbeinseUcs, and by the officers who romnuiuded them, cousidcred 
rather us civilians than as soldiers. This, 1 must remark, as being one of the 
greatest and niest pernieiuiis errors, that could have been committed; for, 
even aliening the mere e\eeiition of a certain <|naiility of labour to be tbe 
prinrtpul ebjeet of r;ti^ing any military corps ^bieii it ought not to l>c; it 
will iinariabl) I>r found, that, willmul the greatest utteution to discipline, 
it w ill n(» more be possible to get a body of soldiers to work w ell, than to 
figlit well. If, no the (-('utrarv, their diseiplinc is good, they may excel in 
both; and tlia) is tin* great standard of jterfeetion, that ought to be kept in 
view, in orgaiii/ing t!«e Knginecr Department of any army. 

At first, (he llo\al AliJitanr Ailificers consisted of iiidepcudoit com¬ 
panies, stufmned al Pnrtsinonlh, I'lynioiith, Clinlbam, Dover, Gibraltar, 
and other plae('.s. where works of fortification were either in progre.ss, or 
under rcji'iir; and Uic Captain of Engineers, commanding each company, 
had the entire < hnnic of recniiling it, and also of discijdiuing or drilling his 
men. as far as lie or (hr senior Engineer at the shit ion judged necessary— 
that is t(» say, in moM rases not at nil. This svstcin, if such it could be 
called, was attended with the greatest inconveuieuees and confusion; and 
therefore the particular ehai^c of recruiting for the whole Corps, was after¬ 
wards given to a Captain of I'nginccrs, who was stationed at ^Voulwicb, 
with tho title of Adjutant, On llieir anival at that place from the eonntiy, 
the recruits were clothed, equipped, and drilled, as infantry soldiers, for a 
certain time, under the inspection of the above-mcn1i(»ned officer, who after¬ 
wards posted them to the several eomiiaoics at other stations, as required. 
In sliort, they were thus pnl into a state, to qualify tlicm fur joining a regi¬ 
ment of tlio f jne, and this w'as, no doubt, a great improvement npou (he 
former sv stem, in wlmdi no principle of soldierlike feeling, whatsoever, bad 
been inculcated inl(» thorn; Init still they were left ignorant of the veiyr im¬ 
portant duties which, as Engineer Soldiers, they might be called upon to per¬ 
form ill tbe field. Invalids, from the varions companies abroad, and at other 
stations, (vcrc also sent to Woolwich, previously to their being discharged; 
mid thus that place became the Head Quarters, and the Dep6t for recruits, 
of the Royal Military Artificers. Recently, the oflScei in charge of ffie 
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jrw^nihs lias been called !Rrigadc-Maj<ir, instead of Aitjutant; and, inde- 
|jendcnt of his practical duties, the %vliulc correspondence of the Coips, 
Mlative to promotions and transfers of indi\iduals, muvcinciits of com- 
pajides, the circulation of ;;cneral orders, Lc. is carried on through him. 

the eJose of the. American war till tltc >ear 1811, all the companies 
of Koj'al lUiiitar 3 ’Artilicers were kept permaiiciitl} iixudat their rcspectivo 
stations, both at home and abroad; \«hcrc tlH‘> remained for life, in what* 
may, for military men, be staled a state of vcgelalion: so that there were, 
at that period, a vast number of men, who had actually grown grey in the 
Corps, who had never entered a transport, nur made a single day’s march 
from the Head Quarters of their company. 'I'o the* men at Gibraltar, and 
other foreign stations, the ser\’icc of the Corps u as thus rendered almost 
^nivalcnt to transportation for life. Ever)vhere they iiitcrmlaed with 
^vilians : tliey married in a proportion unknown in any otiicr corps;—so 
much so, lliat the nnmber of wuincu and eliildrcn belonging to one com- 
^ny, was often equal to that of a battaliuii of liic Line. superior pay, 
too, of the Royal ^lilitary Artificers, vhicb in well-rcgiiiatcd corps, such 
ia Ills Majesty’s Life-Guards, &lC. invariably adds to the respectability of 
the soldier, had of course the. diieetly contrary eil'cct, in a lu'glccted one. 
And in the West Indies, and at Gibraltar in jiartieular, to all tliosi*. evils, 
which, in process of time would ha> e brokeu the iiiilitar) spirit, and ruined 
the character of the best troops that ever existed, was addod a roost 
Ul-Judged system, of reetiviiig volunteers from regiments of the lane 
going to England: — a system, by wliieli the eomnianding oHicers of these 
regiments got rid of their wor:»t men, to the prejudice of the Royal X^gincer 
lOepartment. 

When any expedition was to be iinderiakeii, the niiinber of Royal 
Military Artificers requited, wtie, in all cases, selected, by small detach¬ 
ments, out of the statiuiKiry coiupunics ; and, as the eoiiimanding Engi¬ 
neers at the several fixed stations were naturally iivcise to parting with Uwtr 
best men, the detacliracnl>, thus b^nued fur field service, were generally 
of tltc stupidest and least trustworthy non-conitnissioned officers, 
itn4 of the must ignorant, profligate, and abajidoned of the privates. As 
Jbe Gibraltar ciimpanics were, liont circuinstances, the worst in the Corps, 
tlie detachments, formed from them, which went to Minorca, Slicily, and 
^ther parts of the Medilciraueaii, were found so very iuefficieiit, that the 
measure of raising Muile.se Artificers was resorted to. Ami thus, not only 
were Maltese and .Sicilians picfcrred to Eritous. in the Mediterranean, 
fer liic very importaut service of tiic Royal Engineer Department; but, 
||Un to1d, that, in the West Indies, it had actually been proposed to 
ynu^ioy Negroes as Engineer .Soldiers. 

the year 1811, the pernicious system of sending (he non-eommis- 
officers and men on ser.yice by Mnail detnchwaiits, was abandoned. 
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and (tom that time tbcy have always moved in re^Iar companies. The 
following year, the name of the Corps was changed to tlie more martial 
appellation of Koyal Sappers and Mlaeni ; and an Establishment was 
formed, at (Chatham, for the express purpose of instmctiiig them in the 
£eld duties of the K 03 al Engineer Department, in a manner that is pus 
tieuiaiiy noticed in anotlicr part of the Preface. I'o this Establishment 
all the recruits arc sent, after being kept fur a certain time at Woolwich, 
under the lirigade Major, where they are taught fb'^ first elements of 
military disei]>line, as was before stated; an object which is also of great 
importance. 'Ilie officers, eoiidoeting each of tficsc Establisinnents, re¬ 
ceive orders from, and conimniiirate with, the Iniqjector Gencnd of Forti* 
fications, who has the entire charge of the Royal Engineer Departmenti 
and thus, there two two separate Institutions for the practical instructum 
and training of the Reeriiits, iii one of which, they learn a ))art of their 
duty, in the other, the n*maiuder of it; which is not tJie case in any other 
corps, or regiment, 'liiis arrangement, which originated from the peculiar 
circsumstances, attending the first formation and progressive improvement 
of the C’orps, does not, hy any nu'ans, appear to be advantageous to His 
Majesty's service. On the contrary, it is generally allowed, that, by 
uniting the abo\e two Establishments, or at least by carrying on ail the 
practical duties of both, in proper concert, at one and the same station, 
the wlude might be eoiidueted to Ikr greater advantage. At Uie same 
time, some expense might be saved to Oovernment; and the men would 
bo rompiclcd in the knowledge, both of their military and professional 
dutie.s, in a much shorter space of time, wiiich in itself would, of course, be 
an additional saving. In fact, there are many of Uie field duties, which 
cannot be ptaclised to ad\antage, without having the use of a larger body 
of recruits, than it will bt* practicable to collect together, whilst the two 
EstablisJunents leniaiii divided. I'tic operations at CluiUiaiii have often 
been paraly/cd, fur motilhs, from this cause; and, indeed, owing to the 
same rca.son, during the prcsstire of tlie war, in the years 1812, 1813, 
and 1814, several companies witc sent from thence 011 foreign service, less 
perfectly trained than could have been wished. If from these, or other 
considerations, the union of the two Establishments, now su|^ested, 
ahould ever take place, at a future period, the official correspondence rela¬ 
tive to the general duties of the Corps, which is at preseut conducted, as 
was hefura stated, in the Brigade Alajor's office at Woolwich, might pro¬ 
bably. be carried on to most advantage in London, in the office of the 
Specter General of Fortifications, by wiiose immediate order, all matters, 
to wbiob the said correspondence applies, are entirely rcgnlated. 

At present, UIdeiiendent of recruits, tliere arc very few iion-c0n)mis8ioue4 
officers afid privates in the Curp.s, who have not been trained to theif fidd 
duties, with the exodption of two companies at Gibraltar, and of some 
loooinplete companies at other station^, which are the only ramnants IdB 
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of tile Old Artificers, and whicli, I am iiiformed, stili retain the Iwbits and 
ohancter of that body, as ilcscriiied in this note. Aitliou}|^ much hat 
Iseen done towards tbc improvement of the Royal fiappem and Miners, 
w1k> lea^e R:j;;land in a state of excellent discipline, and with the best 
clnuwctcr, there suli remain scry serioiis defeels in the orjcanusatioii of the 
Oenpaniest which have a euntiuual tendency to throw tliem into disorder, 
lUkd to deteriorate their chaiarter and destroy their discipline. These 
Oirils, the remedies to wbieli :ire «f a very simple and obvious nature, will 
ke more fully treated of iii a futuie note. 


(B) In consequence of the kDowledp;e, tlms aeqtiired, the men, who hare 
lieen instructed aceordin;; to this system, have been found (»r the t^eatest 
•ervico, not only in exeeutin^ field works uith greater skill and dispatch, 
hat also in assisting the ollieers of Engineers, to superintend working 
parties, indeed, on all oeenshms, in wbieh works are carried on upon an 
ntensive scale, the latter is by far the most important and useful manner, 
in which the men ean be employed. I’nr exanipb*, i><» less than about 
18,000 peasants and 2(KiO horses worked, by order of the Duke ofWelltiig- 
lui, wider the direction of oliicH'rs of the Royal Fuigiiieers, in improving 
tiie defcaecs of the frontier of the NctheriniMls, for snine months t(»gether, 
immediately before the great ^ ietory of W nierloo; and by all acronnts, the 
extenrive works, then in hand, were eondiieted with the greatest regularity 
and dispatch. Now, it may easily l>e coneeived, that to hare directed siieh 
a great binly of workmen to proper advantage, by means of a few oflieers 
of Bngineers, wouhl liaie been utterly impossible, but for the system 
adopted, of subdividing the various works amongst the non-eommissioiied 
officers and privates, e/aeh of whom was made responsible for laying out 
the details of his own portion, and for the direction of a party of fn>in 30 to 
too men, or even more, according to eirciimstanees. During the last year 
of the Funimular war, and in the various recent operations in Canada, the 
same system bad been constantly practised with equal advantage; tlie noii- 
ennmissioBcd officers and men of the Royal Engineer Departnicnt, who 
irare employed as overseers of military working parties, having on all oeea- 
flhms given the highest satisfaction. Nor has their superior knowledge 
nndetwd them presiimptnons or intraelablc: on the contrary, it has evidently 
produced the most tavonrablc effect upon tlieir character and conduct; and 
aa fiur as regards personal exertion, it is generally allowed, that these men, 
although mostly composed of Artificers, will, with eipial casetothemsdves, 
perform noarty twice as much work, as any common working party of the 
same numbers, famished by other troops, who have notjbeen previously 
habituated to tbe-constructlon of field works. 

i.,, — . . . 

To’reader them more expert in the lastFmentioned brandhes of duty, 
vtMdh are earried on in a pwt of the River Midway below Chatham* 
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wliich is there subject to the action of the tides, and exceeds most inhoid 
rivare ui rapidity, they are exercised in the operations of rowii^, caatiiif 
and .weighing aacliors, sheering boats by means of a current, to serve as 
flying bridges, &c. In consequence of their continaal exertions and 
exfiorieucc, fur more than three years past, the manoeuvres of frontoona, 
and of military bridges in general, under given eiroumstances, have beca 
reduced to a s>stcin; and the practicability of any operataenof this nature, 
witli certain means, may be caienlalcd befurebaod, with a d^ee of 
precision. 1'hc siimllcr parts of the pontoon equt|Mq;e have been imfiroved $ 
but the punt(M>iis themselves, being an establishment of cunsiderable ex* 
ponsc, have not been altered. They are precisely the same that vrers 
used in the time of the Duke of Marlborough, bavin;? been, I believn, 
copied fn>m the Dutch pattern of those days, and as such tliey are best 
calculated for still waters or moderate currents. It is true, that tliey are 
by no means unlit for general service, even in their present form; bat 
some alteration might certainly Ire introduced to advantage. 1 am of 
(qiiniun, that Uie uholc, or at least a pari of them, should be formed of cop* 
per, as being a less perishable inaierial than the tinned irtm ptote at present 
used. Notuillislaiidiiig this change, llicir weight might probably be some* 
what diininislicJ, still leaving sutiicient strength. Their ends should be 
made pointed, instead of square, obieb would not only cause them to 
ride a great deal easier in a rapid eurrciit, when the bridge is formed, but 
would also lender them much more manageable in rowing, in which very 
essential ptirposi; they must often be employed. Tor example, in the 
passage of the Adoiir, the Duke of \\ cllingtoii was enabled to tlirow 500 
men across the river, by iiivan.H of his pontoons, used as row-boats, pre* 
paratory to the ibmialiun of u bridge of large boats, whicii important 
olijcct could not have been eifetied, if tlie jiortabie bridge equipage of 
the army had consisted of dt'cked pontoons, or other similar expedients, 
tliat have cither been used or reooinmeuded, with a viewr to prevent military 
bridges from being .sunk by the extrnuidiitary a<;tioit of luoontain riven, 
after winter rains, or the melting of flic snow. 1 conceive, thiU by iifae 
addition of light w ash boards, nioveablc at pleasure, which may be fixed 
to the present pontoons, when required, so as to raise tliat end wbioh is 
exposed to the current, the w ater way be efiectually excluded in the moat 
vicdeiit floods; and tliat thereby the pontoon, thus modified, may be service¬ 
able in ail countries, and at all seasons, both as a row-boat, and as fonukig 
the groundwork of an ctfioient bridge. But if, on trial, these two olyoota 
cannot be reconciled, as suoh very violent currents are not to be encoiintored 
in all countries, the present pontoon, with a little inodifioation, ought stiU 
to be retained, as the liest adapted for general service, whilst, on 'peotiUar 
oocasionsi,' bridges of casks, that are of coarse incajiable of being sank 
under any oiroiintstanoes, may be ferfnedfor the passage of mountain awen 
of extreme rapidity. Beven butts, nf the eiae used as wnter-easks in.the 
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B4 |is^ Nftvjr, we equivalent to one laife EngU«h pontoon, in the formation of 
nlini^e, aimwiien put tc^etlicr in a fieculiw fni>, to which the officer* an<l 
UOi of the Itoyal Engineer Dejiartmcnt are regoiarl; trained, they con- 
atUnte what.i* called a pier. One of these piers, although possessing equal 
hqoyaBoy, is rather lighter than the pontoon: when the casks and other 
Beeessary materials are laid out loose on tlie bank of a river, it may bo 
cmppletely put together, niul launched by a small party of expert men, in 
three minutes: and it may aftei^vards be moved in any direction by five 
lowers (one of whom steers uith an oar). Casks fit for forming such 
bridges, are to be found in e%cry country in great abundance, and may bo 
carried <m the backs of mules or horses, in roads that would be impass¬ 
able fenr pontoons, or other expedients t^at require four-wiieeled carriages. 

The lacility uherewith the officers and men of the Royal Engineer 
Department can now execute military bridges of any description, not only 
with regular pontoons, but also with country boats, casks, and a variety 
of other expedients, wliteb it would ire suparfliious to mention, may, per¬ 
haps, justly Ite considered one of the greatest improvements, that has 
recently been introduced into the service; for it is well known, that a few 
yean ago there was scarcely an officer in the British army, who know any 
thing of this iinjrortant subject, except by theory. In several foreign 
amiies, it is usual to iravc distinct corps fur the purpose, wimse duty it is 
to form military bridges, and nothing else; but 1 conceive that such a 
system would be entirely inapplicable to the British service. After Lord 
Lynedotth (then Sir I'liomas Graham) landed in Holland, at the close of 
the year 1813,two young lieutenants of engineers, and a company of men 
who bad been trained to this duty, formed in a very expeditious manner a 
bridge of country boats over the river ]\liicrk near Zianderbuitcii, which 
served for the conveyance of tlic heaviest artillery. The boats were of 
dificrent shapes and sizes, collected for the occasion. I'hc materials for 
the superstructure were also of irregular scantling, and partly collected 
in the neighbourhood, partly felled on the spot. If the ofiicers and men 
emidoyed on this service liail l>elonged to a regular corps of Pontoneersi, 
they must have remained idle and useless during the remainder of tliat 
short campaign; instead of which, the greater part of them were soon 
after brought into action, in the attack of Bergen-op-Zoom, and afterwards 
in the bombardment of Antwerp; and on the renewal of hostilities in 1815, 
they were employed in fortifying the frontiers of the Netheiiaads. A corps 
of professed Pontoneers would be entirely useless in time of peace, and in 
avariety of ttiaationa, even in time of war, unless they were also made con- 
potent to the performance of other duties, of a very different nature from 
their own peculiar profession; and therefore, 1 conceive, that the syalem 
tnw established in the British army, of calling upon the Engineer Corps 
If^^^rnisb detacbmentafor the execution of military bridges, when required, 
fin the best that could have been adopted; for so long as q 
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rr^iilar PmiiQon Train in wiuited for coimtaut service, the pnrileaiar com- 
jianit's, ordcird to be ntinoiiil to it,may be kept permanently that du^', 
tor any number of cnnipni<riiM; and as far as skill and exertioh go, I feel 
cfinfideiit tliut the officers and men of the Royal Engineer Department may, 
nt this moment, enter into conipotition nitb the most expert PontoneM 
of nnv of the Continental nations. 

ft i.s to l>c observed, that the advantages of the system described la the 
present note Here not folt during the greater part of the Peninsular 
H'ur, as the oflieers and men m ho had been previously trained to the ait 
of eonstrueting mili(ar> bridges were scarcely ever employed in that peculiar 
line of duty, excepting in the construrtion of the celebrated bridge over the 
Adonr, the cxecuthe pari of which they performed in concert with the 
Hnyat Na\y; and on that occasion their skill and exertions, particularly 
in crossing llie very dangerous bar at the mouth of the river, attracted the 
highest prai.''cs from Rear Admiral Penrose, whose official letter on the 
siil»jcet was, however, from some accident or oversight, never published at 
fidl lenglh. so that tl.is ein'umsfance is not general!} know'll to tlie public, 
althongh their iiuinlier greatly exceeded that of the seamen, who co¬ 
operated with tln‘ 111 . I made use of ihe expression, “ executive, *' because 
the projec-f of supportiiig Ihe superstriietiire of that bridge by means of 
hawsers insload of baulks, according to the more common system, was, 

1 understand, originall} suggested by an officer of the Royal Staff Corps. 
Jlauiks were, however, added, in a few weeks after the first formatioa 
of the bridge, and they proved on trial much preferable to the former 
expedient, which is hy no means weil adapted to bridges of boats, or other 
iloatiiig bodies ; although it may be used to great advantage (as if had, in. 
fact, been by the same officer on a former occasioiO in those peculiar cases, ■ 
in which the clear inft*i'vals betw*eeii the only points of support, that can 
conveniently be obtained, are of an extraordinary width or span. 

(D) Owing to the very recent introduction of the system described, the 
traiiK'd Sappers and Miners w’erc uot brought forward in sufficient num¬ 
bers, in any entcqn ize of importance, before the .4iege of St. Sebastiui, 
in which they distinguished tlieinsclves. At the assault of Beigen-op-Zoom, 
in March 1814, the Royal Sappers and Miners, headed by a lieutenant of 
Engineers, cot down the palisades, crossed the ditches, planted the ladders, 
and were the first troops tliat mounted the enemy’s ramparts. At Peronne, 
a place taken by storm, after the liattle of Waterloo, they also bad Ae 
honour of leading the assault. But the most remarkable instance, of the 
advantages arising from having men of this description, was in the riegeo^ 
Port Boyer, on the coast of America, which was attacked by the Britiah troops 
after their Huiure before New Orleans. The first night of 'the operatioi|[^ 
soldiers of the Line only were employed. Plrom a want of dull and ei^e- 
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tiwoe in tlia nature of the duties required o^em, and there boinff Vffi7 

< Ifew Engianer officers to direct, they colteoti^li^ {groups, iusteud of being 
•pread out, as they ought to have l»ceii. Cuuseqiicutly, out of one suiall 
party twenty men, fourteen were killed and Mounded by a single dis> 

< nbnige of grape shot, and such coiifusiou ensued, tliat very little progress 
was made in the course of that iiigbl. i)n the second night of the siege, 
nine men of the Royal Sappers and Minors wore employed in addition to 
the troops of the Line. JJy assistance of these lea individuals, the officers 
of Bugineers were enabled to regulate tlieir working parly to so mmdi 
advantage, that before inuruing tbey bad eompleietl a paraikd of 800 yards 
in extent, within 50 yards of the eueiuy’s works, besides approaches in 
ndvance, which being filled wiib sbarftshuuters, the Americans were iiiiablo 
losbow themsehes at their guns, and the foil surrendered. It isprtiper to 
mqilaiu, that, as the army sailed fixun the Mi<tsissippi in di\iMonH, the main 
body of officers and men of the Royal Eiigiuei-r Defartment, had not arrived 
at the period of Uic above attack. I'he nine men who so pariictilnrly dis- 
tinguidiedthemsehes. happened to bcn-u the .sjmjI betore the oMiers, because, 
being ail carpenters by trade, tbey ha<l been lent to the Admiral for the 
pnipose of repairing the boats of the fleet. 


(E) The loss of officers of the Royal Engineers in killed and wnniided, 
jn proportion to the total number employed, in the several sieges in Spain, 
was as follows. In the attaek of Fort Christoval, at tbi* lirst siege of 
3^dajoz (tlic latter place itself being merely biuc kaded), 5 out of 7. At 
Ciudad Rodrigo, 7 out of 18. At tiic last siege of J^adainz, i;. out of 20. 
Ac Burgos, 3 out of 5, and ail the iion-cumniishioiied oluecrs and soldiers 
of the Department present. At St. .Sel>a.slian, 11 out of 18. J ur further 
particulars of these operations, sec Lieiit.-t’ol. Jones’s Journals of tiio 
Sieges in Spain. In the nutiierniis general actions and skirmislics, in 
which the British Engineers have also been pre.sent, during the late wars, 
Ibeir Iom has been very trifling compared with the above. J'’or example, 
although € officers of the Royal Engineers were engaged in tlic battle of 
Matda, and 5 served on board Lord J'^xmoiith's fleet, in his lute brilliant 
nttack on Algiers, not one out of tlie whole number was hurt on either of 
Ibese occasions. But tlie peculiarly hazardous nature of tlie Engineer's duty 
in riages is proved, not merely by our own military history, but abo by 1 
that of other European nations, as will be seen by referring to A Kent’s^ 
HIstCffy of the French Coqis of Bugiiieers. In the second attack of^ 
Saragoeia, 15 out of 87 Bngineers of tlio besieging army were killed 
and wounded: *iid in the event of new wars, at least an equal proportional 
Jou of Boginoar Officers is always to be expected, as a matter of ctrarse, 
4y.ia every wellHxmtested siege. Hence it may be allowed, that every }we- 
that hmnaii prudence can dictate, ou^ to be tideen tor rendering 
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m Corps of Engineers eflre''tiTe in tlie field; Uieir garrison duties, although 
of grt'at importance, L.iog of a very secondary nature, compared widi 
those that they are called upon to perform in war. 

(F) A brief view of the past and present Field Establishment of the Royal 
Engineer Department will show the great impnnemrnts, that have recently 
taken piaee in this very important liraiieh of our national military service. 

During the whole of the war, wliitdi was (eriiiiiiatcd by the peace of 
Amiens, and in the first expeditions hubsequent to the renewal of hostilities, 
and even during several of the Peninsular campaigns, the officers of Engi¬ 
neers, employed in any siege or other enterjiriste of importance, seldom had 
more tlian twenl 3 ' or thirty Kojal Military Artificers under their orders, and 
all attempts to render these men nsefnl were attended witii di.-iappointment, 
owing to their total want of previous instruction in the nature of tlio fieiid 
duties of the DepartmeiP. 'J’hc dis<‘ipline of the Artificers was also, from 
causes wliieh wi're partly expKiined in a former imte, much inferior to 
that of other Ilritish troops ; hut, I 'W as they stood in public estimation, it 
must he allow ed. to their ereejil. that they always jiro\cd themselves to be 
possessed of au ample share of the national eonnige. 

Independent of the dinieiilty. jirst stated, w hull flic officers of Royal 
Engineers laboured under, in not iia\ ing a siiflic'ient body of well disciplined, 
and well iii.stnieled soldiers, to net under iJieir orders, another deficiency 
a no less si riou.s naiiire afi'eeted the Department, in the total want of the 
means of transport for necessary stoics. Even the pontooms, sent out with 
oiw expeditions, w ere merely consigned, by order of the Hoard of Ordnance, 
to the eoiumandtng Engineer, like other articles of .store,, wifhont aqgr 
provision of properly Iniiiied men for inamx iivring (ikcm, and without any 
esiablisliment of drivcr.s and horses for transporting them. Consequently 
in eases of emergenry, either country drivers, &n, were to be hired, and 
horses bought, at a disadvantage ; or men were to be borrowed from the 
Infantry', and the means of transport from the Artillery or Commissariat. 
These temporary expedients created the greatest confusion, and generally 
tended, fur the time being, merely to paraly se other important branches of 
the seniec, without by any means producing proportionai benefit to the 
Royal Engineer Department, the officers of which, in consequence of the 
imperfect system, that has been described, not having the requisite means 
for conducting tJteir arduous duties in tlio field, with a &ir and reasonable 
prospect of success, had their bodies on ail occasions harassed by un¬ 
necessary fatigue, and their minds tormentod by constant apprehensions of 
the failure of every enterprize in which they were engaged. 

When the Duke of Wellington was making preparations for his late and 
most gloHons campaign, the experience of former defects, Which bad been 
. deeply felt in the Peninsular war, led to the foliow'ing more perfect organicn* 

B 
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tte of the Held Establisiuneiit of the Royal Eogiiieer Department. Rreiy 
#«i«on of ^.vmy Indoiie Engineer's brigade attached to it; each brigailo 
ooiunsting of a complete company of wcll-t rained Sappi'rs and Itliaiav, with 
driven, horses, and waggons, carrying inircoebing btols, siiwicnt to 
enqdoy a working party of 500 men, besides n proportion of Artihi'cts* tools, 
and pdier Engineen' stores. A captain and a certain number nf subaltern 
nCoen were attached to each brigade, and were responsible for the disci- 
pline of the men and efficiency of (he borscs. kc, whHst the remainder of 
tte Engineers were left free for the general dolies, tliat might be required 

them. Five companies of Royal Sappers au<l Miners were employed 
with the Pontoon '1' rain, which cou.sfst('d of 80 punfoons, besides store wag* 
gona, fise., and W'as drawn by nearly 800 horses, the whole being under tlio 
command and charge of a brevet-majur of J<higiiif>ers, ussistod by a due 
proportion of captains and subaitenis of the same et>rps. 

To give an idea of the total strength of the ab«>ve r.Ktahlishmrnt. 1 shall 
remark, thai more than 120 officers Icniiig been h ft t>n duty in the Nether- 
lands and on the tronliers, the number of Engitfeer oflieers serving viith 
the army in France aas only tl. 'J'bey ha.I umb'r their eoiiimand 
upwards of 800 Sappers and Miners, ami j.>0dri\crs, and had charge of 160 
waggons (pontoon carriages ineitided), and more than lucX) iiotses. An 
Assistant Ordnance Conimi.ssary Midi 0 clerks and P eondurtors of stores 
also served with the Engineer Department, Ix'sides a proportion of Medieat 
Officers; and to each division of the Pontoon 'J'rain, were attached a sma^i 
number of Flemish seamen, accustomed to rivers, otid coasting navigatiori^ 
but 1 am informed by an officer of l'.iiginecrs, v\ho Mas employed in threon- ^ 
atniGtionof two bridges, tlirovvn over the .Seine, near Poria, by order of the 
Duke of Wellington, that these seamen, ovv ing to their m ant of prevtous train¬ 
ing, were not by any means so serviceable as the Royal Sappers and Miners. 

The Drivers were however the only deridodly defeetivc part of the above 
establishment About one third of them lielonged to the (Virps of Royal 
Artillery Drivers, and were only transferred to the Engineer Defiartment, 
a little before the ojieuing of the eampaigti. The romiiinder, being men 
hired for the occtision, in the ncighbourhuqd of Antwerp and Urnssels, 
were generally igiioraut of Ihcir duty, and many of them of bad character, 
so .that frequent desertioiis took place. However, by the groat attention of 
the nfficurs of Engineers, the horsos were kept efficient and in proper con- 
.ditionijfor as soon as any of tiic country driven deserted, an equal numbar 
of men of the Royal tappers and Miners were substituted in their place, 
who, from their peculiar habits, of steal and exertion, imde no diflicnity in 
reconciling tiiemsalves to the novel occupation of grooms and drivers. 
But for tliis measure, a number of valuable horses must have been rained, 
•ii4.the Pontoon Tsain,.as well as the EngUweyrs* brigades, would by degrees 
Anff hacome totally unaerviceMsle;, HOdJf inch was the inafficiency of the 
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faired drivcrsi in so uiiiformly prosperous a carapaijpi, what eoiild have been 
expected frtnn them, had army met a ith any of those reverses, wUdi 
are usurl ill war ? 

It is now generally allowed, that a l>o<ly of proper Engineer Driveib is 
absolutely necicssary towards the effiricney of the Department, there b«f% 
the strongest objection, as was before stated, to the expedient of borrowing 
men from other military cr>rps; and experience, not merely in Ibe iatt 
abort and brilliant campaign, ioit also on many former occasions, having 
fully proved, that little or no de|Kmdciice can be placed in the services Of 
hired or contract drivers, pariicniarly foreigners. The Engineer Drivers 
slamld form a component part of the coiiipanies of Sappers and Miners, to 
be, like tbem, solely commanded by oflicers of the Koyai Engineers, vrim 
should be bold responsible, not only for the discipline of ibe men, but likewise 
f(»r the eflirinicv of ibe horsi.'s. If this measure were carried into effect, 
the title “ Saf^H'rsund Miners,” which even at present is entirely inappli- 
cable to many important duties of the men so styled, would be sliil less 
suitable to a corps, also containing a projiortioii of Drivers. It should there* 
fore bo ali<tlishcij, and the w hole of tlic men should he called Engineer 
Noldiers, and considered an integral part of the Cor]is of Royal Engineers. 

Although the present is certainly not the time, in which (he formation 
of any new military establishment can with propriety be recommended; 
still tbe measure now suggi'sted, of laising Engineer Drivers, should always 
be kept ill %iew, it being iiidispeiisably iiccessaiy, that it should be put 
rito iinniedialc execution, whenc\or (he nation shall again be involved 
in war. And in tlio iiicaii time, a great iniproveinciit might take place, 
witJiont waiting for that probably remote peritid, by transferring the Royal 
ArtiUcry Drivers, who arc at present attached to tiic Engineer Depart¬ 
ment, ill tho Rritish army in 1'ranee, in a pcnnancut manner, to the hitter 
department; w liicli may be cil'ected, by allowing those n)en,who are in? 
clined, to volunteer tbeir smices. A small expense, not exceeding one 
guinea per man, may at first be incurred by this measure, which will be 
amply repaid by Uic greater cfliciciicy of the men and horses; for as I 
implied before, borrowed troops lent by one department to another, can 
never enter witJi proper eeai into the execution of, what they most coniider, 
an extra and temporaiy duty. Jcaloasies and collisions will sooner or 
later toko place between the ofllcom of the two combined corps, to the pre¬ 
judice of the service; and there are many reasons, why a department 
amaiipuuated out of discordant materials, can mver be in good order. 

In the event of Engineer Drivers being raised, in the course of a new 
waiv it \foiild not be proper to diichaige tbe whole of them, at the termina¬ 
tion of hostilities; because tbe elements of every military body, whiefa ia 
essential in war, should be kept np ia a certain proportion, no matter bow 
small, even ia time of peace. In that case, as there miglit not always ha 
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ttnployment for the Engineer Drivers in <lieir o«n pecnliar line of duly, 
ttey shonld be nude usefiii in tlic eoiisfniction and repair of military 
works, and in al! such services, as are eoniinotdv perrorinod in garrisons, 

direetioii of the officers of Koval Engineers ; and in urd<*r to qualify 
tbem fur these last-iucntiourd duties, the> should, on entering the service, 
not only be taiigbt the care of horses, hut should also rei-eivt* the same 
Instruction, both theoretical and practical, as the other privates. 

The Engineer Drivers should be divided into Sections, or .small orga* 
nized bodies, cacb consisting of not incu'e tlisiii twenty non-commissioned 
officers and privates, to be iinistered aluiivs oitli some eontpany of Engi- 
aeers, the name or number not mily of the ('ompaiiy. but also of the 
JMiticiliar Section or Sections of Drivers attached to it, being speoilied in 
the heading of the muster roll. In all cases, tlie captain conimaiiding the 
cmnpany, and his officers, should be responsible for the diseipUne and 
efficiency of the ubolc. In general, one .section of Drivers per company of 
Engineers VFOU Id be snfheient for field .service, which arrangement would 
vender the Brigades quite efl'eetive; but iu the PtintiMui Train, as the 
Bnmber of Drivers woultl require to be nearly <'(|ual to that of the other 
soldiers,it would probably be necessary to attaeb four sections of Diivers 
to each Engineer company. 'J'liis would render the aggiegate <d the 
companies rather niivvieidy, riot iniich less Ihiin IttU men, and about the 
same number of horses; but when we enitsidei, that all the troops of 
Horse Artillery on the war establi.slimeut were lu'arly a.s tuimeroiis. and 
yet that they have always been ke[)t iu eveeileni order, 1 entertain no 
donbt of equal cfiicienry; since the tirgaiii/alioii I sinrgest, in leganl to 
the proposed Engineer Drivers, is iuiindrd on (lie system of that braneh 
of the service, wiiicb has always given the greatest satisfaetion; whilst the 
very contrary system, hitherto followed, in orguiii/iiiG: the f>rivers attached 
to the Foot Artillery, has been attended throughout the whole course of 
the late wars, with nothing but evil and confusion. It is true, that a con* 
■iderable improvement has recently been intrrMiuced in regard to the Foot 
Artillery Drivers; bnt even this new system alluded tit, appears to me to 
tidl very far sliort of that of the Horse Artillery. In forming Engineer 
Driven, the one or the other of the abovr* systems will probably be imitated, 
and tiierefore 1 may be pardoned for stating my o|)inion as to which of (he 
two ought to have the preference, which otherwise 1 should not liavc 
^pteramed to do. 

1 shall observe, that in the above suggestion for raising Engineer Driven, 
my chief object has been to guard agaiust their being formed into a distinct 
or seforate Corps, from the other soldiers of the Department. To prevent 
•ten the possibSity of tbeir being considered as such, which I am persuaded 
'Wonld be attended with most pernicious effects to the service, 1 shall further 
my opinion, that there onglit to^be no qiecial Commandant, or field 
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officers, attached to the Engineer Drivers in particular; that these men 
should never even noonnaUj be divided into Troops or large belies; that 
there should be im oflieers iimstcred as captains of troops, nor any other 
cominissioucd stall odicers, nor staff appointments whatever, to distinguish 
the Drivers as a .sepaiale estabiidiincnt. 

In short, they sbouid be, as I said before, an integral part of tha 
Engineer Companies, to wliieh ihvy arc attached, for the time being; 
and iny only objeet in rceommeuditig them to be divided into Sections 
w’as, in older that Uiey might aluu)s be disposable and moveable from 
one company or servii'O to another, according to the exigencies of 
war; an objeet, wiiieh e«iuld nut be efi'ecied without throwing them into 
a state ijf complete euuiiisioii and iiidiseipUue, if Uicy were organized in 
any other manlier whatever. For evciy ofHeer of experience knows, that 
siiiuller delaebmeiiis, Ibrnied out of troops or eompaiiies, always fall into 
bad order; and iberci'Dic in a bodv of men, such as the Engineer Drivers, 
who, from the nature ofibeir service, must necessaiily act in very sm^ 
Qiinibers, it mu.si be ullotved, that llie only mode of preventing tiiis evil, 
ill cstabiisliiiig siicii u eorps, is to divide it, as 1 have suggested, into 
orguni/rd bodies, each eoinpiete in itself, but not exceeding in number 
the sniuiiest delacbmeiit, tiuit i.s iiLcly to be required to act together. If 
this arrangetneiil slioidd be eanied into efl'cct, it will of course be under- 
sl(M>d, that s(»uie liliigineer eoinpanics may have no Drivers attached to 
them, others inav have <ine section each, whilst others again may have 
two or more sections serving with them, aceordiug to circumstances. 1 
shall eoiicludc hy observing, that all transfers of sccti(»ns from one com- 
paii> to another should he avoided, exeept in ease of absolute necessity. 

AN'ith regald to the measure above suggested, of eliHUging the name of 
the Culps of Eoval Sapper.s and Miners, 1 have long been convinced, that 
it would be of the gieutest possible benefit to Jriis Majesty’s service. The 
unfortunate system, which has hitherto prevailed for more than thirty 
years, of calling the ollicers of tlic Koval I'higinecr Department by one 
name, and the soldiers whom they eomniaiid by another, in imitation of 
the Freiieh, was, in my opinion, the principal cause of the acknowledged 
indiscipline and irregularity of the old Military Artificers, and has been one 
of the chief obstacles to the improvement of the Royal Sapfiers and Miners. 
Even if expei'icnce had not proved, in flic strongest manner, what I now 
assert, it might ea.sily be conceived, on a little reflection, that any dis- 
tineUon, allbougli only in name, wdiieb lends to disunite officers and Ihmr 
soldiers, cannot but fiiil to be highly pernicious to the reputation and 
efficiency of the whole. For when the former are known by one name, 
and the l^tcr by atioUier, the fame arising from tbeir mutual exertions is 
necessarily divided, and therefore dimiiiisbed; and in case the dweipline 
and comforts of the men should be neglected, wluch is mudi more likely to 
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»«»» under this system itian under any other, the disj^'ac^^ most 
V^justly fall solely upon the soldiers, who, as a body, have nut the power 
of. improving or organizinc: themselves, instead of being attached, as it 
Oi^ht to be, to the oflieers who command them. If we duly weigh this 
Biost serious disadvantage, under whicii the present Royal Sappers and 
Miners labonr, and take further into eunsidcratiun, that it has hitherto 
often been their hard fate to have a total change of captains of cuiu- 
panics every two or three months; the excellent ebaraeter which 
. they possess as a corps, under such very nni'u\uurabic eircumstauecs, 
must be allowed to do them the highest hunonr. Ifthe.tc evils, which 
affect iu> other regiment in 11 is Majesty's servin', were removed, 1 feel 
persuaded, tiiat the Nou-edinmissiuned IMhccrs uiul Soldiers of tiu' Royal 
lEngineer Department, as tiiey arc now tlii> most inlelligent, would also be 
considered tlic most useful and res{>('ctnlile body of troop.s in the world. 

The measure, neees.sarv for eompirtmg the prf>per organi/alion of the 
Coqts in general, is to attach one <-:iptuiu and two lientenanls of ilugiiu'crs 
to each company, who shall, undei alt eireninstauers, move with iiieir respee* 
tive cDinpunifs, and remain with them until proniotetL The ('<ii:ipiinn-s of 
the Pontoon Train only, a.s being uioie numerous than the others, ought to 
Iwve three Lieutenants of Logineei.s attached to t ach. li t.s the etuniuoii 
opinion, that the junior scemnl capuiits of lite t'oijis of Royal iingineei.s 
should have the command of comji.tuieN iu pte.iut tiee to seitiur second 
caplairui or (trst ca[»tain.'‘, the tbrnici aiiangmiciit bt ing by far the best 
adapted for the geneial .service of the t'orp.s in at uvo »aifau',aud there¬ 
fore the one which might on that ground be viiiii most |u<)piiciy adopted, 
even in time of peace or iu gariisons. 'J'he ri.ii*i,.n. whithmay peihups 
appear siiOieiently obvioii.i, is us .olhivtA. ll is w(>ii Known tiui the duties 
of the coininandiug Lugiuecr, seiving with a divi.Mon ot uii army jii the 
fields who is usually a hrsl captain in the Corp.s, me so \eiy iinpoitunt and 
extensive, that Ihev, al all times and undei all t ircni.i lam e.s, me suOieieiit 
to engross the whole of lii^ attention; so that if the coiiiiuund and charge 
of acompany of soldiers is also made to devciUe upon him ; va.s no individual 
however zealous and indefatigable, cun pt tforiu iinjmssiliilities), the unf(»r- 
tonatc company, of which ho is the noiiiimd captain, must necessarily he 
neglected. The second Lngiiieei'of the division, on the conliary, not 
having, tike the former, the general t hurge vif a di'partment, has it in his 
power, if placed at the iiead of u <.uni]jany, to pay every aticiitinu to Iho 
^mcn under lus command. At the same time, it is to be observed, that the 
regimental duties, thus imposed upon him, will by no means prevent 
him from having op{>ortnuitics of distinguishing himself ns nn Lngiiieer* 
For in sieges, and in ail other operations of peculiar danger and diSienIty, 
such as arc likely, if successfully executed, to add to the credit of the 
i^rpii the Engineer Soldiers w ith the Officers, who arc in the immediate 
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eomwand of (Boni, intisf, of necessity, alfrays be brought into actioii in 
the most conspicuous and important situations. 

Although, therefore, it may be of small importance, whether the com¬ 
mand of Ivngineer conipairics is given to first or second captains, so long 
as they remain stationary in garrisons; still 1 conceive, that it would be 
dangerous, ami evcntualiy pernicious to his Ma|cs1}’s service, to adopt the 
former arrangement, et cn in time of peace. I'or fli(> exfierieuce acquired 
til war is soon foi 7 ;otteii, unless tiie fruits of it arc embodied in permanent 
institutions, so that if first captains of Engineers arc appointed to the 
command of companies at the present moment, it is not likely that a 
diflerent arrangcuieiit would be adopted, or even thought of, in case of a 
new war, at some future period; and therefore the moment tliat a British 
army shall again lake the field, that is to say, at the time, of all others, 
when the "(tod of flic* servire re(|iures. that the discipline and comforts of 
tniliiarv men .should be wateiied over with the greatest iteal and attention; 
the i)on-<'ominissin!ied oflieers and soldiers of the lloyal Engineer 
Department would oiiec more be almost totally neglected, as they were 
in general, owing to the .>iame < aiise, during the whole of the Peninsular 
war, a thiii'r. whirli I do not .seniple to a.s.serf, for it is proper that the truth 
should be known, the more e.spceially as the c\il arose entirely from the 
defeeiive nature of the .s\.stcm followed; and no blame whatever can bo 
imputed to the iudi\idnal oflieers then in command of companies. Having 
now' dt.senssed iiio.st of the <ithcr points, which appear essential towards 
the more perfeet oigaiiizatioii of the Ko}al Engineer Department, 1 shall 
eoiiehidu by obser\iiig, that the class of oflieers, called Sub-lieutenants, 
who are raised from the ranks, one to oaeh company, ought to be abolished; 
for inaiiv stioiig reasons, wliieb 1 shall not enter into at large. Suffice it to 
say, that although the indiiiduals selected have always been chosen on 
acroiint of their meiit, and some of them have distinguished themselves 
aiHerwarUs as eominis.sioiied oflieers, stilt it must be allowed, tliat the 
e\[iericuec of ten years has fully proved, that none of the advantages ex- 
peeled from this measure have been realized: on the contrary, it has mate¬ 
rially eomluced to retard the iniprovemeiit, and to injure the reputation and 
etlieieiiey of the (’orps. Some other means should therefore be adopted of 
rewarding the most deserving iioii-eolRtpis$ioncd officers, which might be 
done with inneli le.ss expense to the country, and at the same time more 
to the eoinforl and satisfaethni of the individuals themselves, who, to my 
eortuiii know ledge, have more often been involved in diffitulties and distress, 
tlian really benefited, by the change. 

Ill reeruiting the C'or|is, the greatest attention should always be paid 
to character; for an idle or profligate man, who might be rendered 
serviceable in a regiment of the Line, is literally useless iq the Royal. 
Engineer Department; pnd no voiontecrji from the militia, nor any 



iviii NOTES TO THE PREFACE. 

&diarged men from oilier rrp:imei)ts or corps should on nny account lie 
inliated ; for it may easily lie coniTivcd, that men, who have heen accustomed 
fiir years to the less laborious duty of nintmtin^ guards, and attending parades 
and occasional drills, can seldom be ihorniiglily rocnncilcd to those steady 
habits of continual personal exertion, which are required of a soldier in 
tte Engineer Department. Accordingly, it has been remarked, that young 
iccruits, who never served before, luivc gcncraliv proved more intelligent 
and more regular in their coiuliict, and have apparently taken much more 
ideasure and pride in their pcniliar duty, than volunteers from other regi* 
asents, of whom there is also a considerable proportion in the Corps. Coii- 
ndering, moreover, the great skill and seal uhieh are indis|ieii.sabfy 
■eccssary, and the |>ee(iiiarly hazardous and sometimes confidential nature 
9€ their duties, no foreigners ought, oti any account, to be iiilisted ns 
Engineer Soldiers; nor should any foreign companies in ftitiire be raised. 
Oat of three Maltese companies that were embodied about the year lllu.’i. 
•s alluded to in a former note, tivo have been already ilisbatided; aud it is 
tube presumed, that the rediietion of the third viili soon fedtow. 

It is proper to explain, that in the vnrituis sns:gc>tions contained in this 
■ote for the further iniproionicuf of the Dejiartnient, in wbieh I Im^cllio 
fctmour of serving, 1 lay little or uo elaini to the merit of originality, except- 
in the proposal for railing not only the olliccrs, hut also the nuu-com- 
niiisioned oflieers and soldiers of Uic Deparitnent, by the general title of 
Royal Engineers. All the other points treated of have, for a gretrt iiuniber 
wf years, been the topic of constant discussion amongst the oflieers of the 
Corps ; and allhongh opinions may vary as to details, y et tlic prop! iety of most 
of the general principles, that have been advanced, is i><«\v universally 
acknowledged; particularly as far as regards the necessity of raising lliigi- 
Bcer Drivers, and of attaching a due pruportion of oflieers, in a perinaucut 
amnner, to the existing companies. Indeed, 1 know, that both of 
those important measures have been .sanctioned by the highest autlii>ritics 
in the Corps of Royal Engineers, and the latter in particniar is oven said 
to be, at this moment, under oflicial consideration ; so that there is some 
pvospcct of its being soon carried into cfl'c«-.t, the more especially, as not* 
withstanding the vast advantages, which must necessarily result from it, the 
CEecuUon of it will be a matter of mere arrangement, not inv olviiig any 
expense whatever to the country. 1 may conclude by obst'rving, thatl 
hove not been biassed, in any thing that 1 have said, by the customs or 
fautitotiona of any foreign nation, a blind imitation of which, in military 
•flairs, has always appeared to me a matter to be highly deprecated. At 
least, so far as regards the very important lieid liiities, at present executed 
the Royal Engineer Department in the British service, I feel ficrsuaded, 
l|Kt an exact copy of either the l<Yciicb or Austrian syitcmi &c. of peiform- 
the same duties, would lead to a perfect chaos. 
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, fortf the figure of the said object, as it ought to be rcprc> 
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OF THE GENERAL RULES AND PROPORTIONS, WHICH 
OUGHT TO BE OBSERVED, IN DETERMINING THE OUT-f 
LINE OF A BASTION ARY FRONT OF FORTIFICATION. ~ 
EXPLANATORY TABLES AND REMARKS. 

That the dimensions of the various parts of a bastionaiy firont of 
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fiirti6cation are siiseeptiLle uf iiuiiic variatinn; but nut 
bejond certain limits - - _ . _ - - 

TblU tbe following objects are to be attended to, in dctcrmiiiiug 
tbe pro|>ortions of a Iiastioiiar} front: 
lat. That the cuiiatn shall be of such a length as to admit uf uiic 
half of it being properl) defeuded bv the light Hank, and 
the other half of it In the left flank, of the adjuining bastion 
9d. lliat the length uf the lines of deteiiee shall nut exceed the 
range of musqtiel shot 

Sd. That whenever the face uf a work is intended to lire in a par- 
ticular direction, it should be coustrueied ut right angles 
to the said direction, or nearly so > - - - - 

Defective mode of lading uut the Hanks in the more eaiU petiuds 

of modem furtiticaliuii. 

That the flanks should be perpendicular, or nearly so, to the faces 
of the bastions produced, so that the Hanking angle shall 
either be a right angle, or acute, in a small degree 
llie term ** auxiliary flank,'* as applied to a portion ul ibe eiutain, 
in an imperfectly cunstnicted bastiimar} front, defined 
4th. That the faces and flanks of bastions shuiiid be c\teiisi\e 
5th. Tbat the interior uf bsistions should be spacious ... 
5 th. That the salient angles of bastions should be made as obtuse, 
as circumstances will permit ------ 

The above three rules, cxcmplitied by figures, showing particu¬ 
larly the disadvantages uf acute bastions, us bt'iiig tbc most 
liable to injury from an enemy's euiiluding batteries, in case 

of a siege .. 

Remark.—T hat in fortresses constructed according to tbc same 
system, and with exterior sides uf equal length, a large for¬ 
tress will always be stronger in projiurtiuu to its extent, 
than a smaller one - 

Tliat any one acknowledged and indisputable advantage in furtitica- 
tioii, if carried too far, will always produce some iticou- 
venicncy or evil, which will counterbalance it • - - 

Tliat Engineers have differed in their opinion as to the proper 
medinm length of the various parts of a bastionary outline, 
and hence have arisen a number of different systems of 
linlification - -- -- -- -- 

TiHit the perpendiciilar of the pentagon should be less than that of 
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DIRECTIONS TO THE BINDER. 


Tbe Five Plates are to be placed at the eml of Vol. 11. 

In folding Plate V, tlie upper part of the plate must first be 
doubled down. 

Hie latter part of tbe Work, from Chap. XVII, inclAsive, will 
Ckid Vol. 111. 
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ELEMENTARY FORTIFICATION, 



THE following Course of Elementary Fortifcation may he 

conducted in the same manneTf as the Practical Geometry, Sfc» 
contained in the frst volume. 

After ^ery paragraph is read or 'explained, and the (^pera^ne 
therein prescribed are performed, the Learner ot^hf to write 
successively all those words or phrases, contained in it, which are 
printed in capitals, before he proceeds to a rtew paragraph. 

By this means, after going throi^h every chapter, he will have 
before him a collection of all the definitiom or technical terms, 
that have been treated of in that portion of the worh. He dtould 
then lay aside the book, and read over what he has written. If 
he Jinds that he understands the whole of his terms, and that he 
can readily point out, on the corresponding plan, section, or other 
figure, such lines, angles, 8tc, as are denoted by them, he ««y 
then proceed to another chapter: but if he be deficient inrespeid to 
uny of the tvrms, he should refer again to the book, and make . 
himself master of the whole of them b^ore he goes farther. 

« 

In like manner, after drawing the plans, sections, or otherj^gam 
fortific^ion, contained in any part of this work, he tmy^to 
• examine Hmself in respect to the Una, adglss, bsc. therein de&usded, ' 
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^ < Mack of ikese has its distinct name, which is regtdarljf explained. 
Jftherfore, on inspecting his Jigures, he meets with any line or 
.Mte, the name of which he cannot recollect^ he ought to tetnrn 
tO' the same chapter, and peruse it again n ith greater attention 
bfore he proceeds to another. 

I%e above remarks are intended chi^y for the guidance of 
those, who may commence studying this Course without the assist^ 
once of a master. In teaching others, the directions given 
in Vol. l.at the conclusion of the Course of PraeticnI Geometry, 
should be adhered to. 


CHAP. I. 

PREUMINARV DEFINITIONS.. 

FoBTlPlCATio.v is the art of constructing military ^’orks, 
whedier offensive or defensive. 

. Offensive fortification comprehends the various works, 
which are necessary for forwarding the operations of a besieging 
army. 

Defensive FOETiricATiON comprehends such work^ as 
are calculated to enable a body of men, to defend themselves 
against a greater number. 

Defeiunve fortification may consist either of permanent or tem¬ 
porary works. 

Perm AMENT works comprehend fortresses erected for the 
protection of cities, towns, naval and military arsenals; or for the 
purpose of occupying important roads, passes, or positions, which, 
if left open, would be favourable to the operations of an enenyr. 

:i PenoDaneiit woriisare either built of masoniy, or otherwise coii- 
itmeted in a substaotial durable manner, as is implied by their name. 
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The art of constnictiiig woihs of thb description is catted 

PERMANENT FORTIFICATION. 

Temporary works or field works comprehend sndi 
works as are throwni up in haste, during a campmgni to strengthen 
the position of an army, corps, or detachment. 

The art of constructing such works is called field fortifi¬ 
cation. 

Permanent works are inclosed all round; and from the strength 
of tiie obstacles, which tliey oppose to an enemy, are such as 
cannot be taken without a regular siege, provided that tiiey are 
furnished with a proper garrisoh and stores. 

Field works, being generally intended to strengthen the position 
of troops^ drawn up in order of bailie, are often left open or 
defenceless in rear; and from the hasty nature of their construction, 
they are frequently liable to be taken by storm. 

The study of fortification is usually divided into two distiiKt 
brandies, elementary and practical. 

Elementary fortification teaches the method oi 
planning a fortress according to certain rules, proportions and 
dimensions; besides which it also includes the art of planning the 
operations of a siege. 

Practical fortification teaches the nature and use 
of the various materials and implements used in constructing 
works, tf^etber with the quantity of each kiil^, tint will be 
necessary: also the number of workmen required, and tin best 
mode of distributing and directing them: liutiy to calciihile the 
probable ^expense of a work, and the tifse lU^y to be reqim^ in 
tinuhing it with certain means. 

»2 ■ 
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* In duMt: Elementaiy Fortification includes every particular 
relative to the plan of works; whilst Practical Fortification em* 
iMMea all details respecting the execution of them. Tlie former 
lldinich reqiures more talent, but both are so intimately con- 
4iUdfted, that an Engineer cannot hope to succeed in planning 
'tsorks to advantage, without a knowledge of the executive part. 

la order to simplify tlie study of Fortification, it b always 
aapposed, in the first instance, that the place to be fortified is 
mtnated on a level plain; in which case, it will be. evident, tliat 
die works ought to be of the same strength all round, and disposed 
ncccmling to some general and uniform plan. 

A place tiius fortified b called A begular fortress. 


CHAP. II. 

OF THE OUTUNE OF A REGULAR FORTRESS. 

I 

A regular fortress u inclosed all round by a continued wall 

OR RAMPAB\. 

. The inclosing wall or rampart of a fortress b 
^oot bulk in a circular form, or according to any continued 
curved line; but is usually constructed witli angular or projecting 
parts, at certain intervab. 

These projecting parts are called bastions. 

TJae bastions, or projecting parts of the walls of a regular 
^artresi^, are joined by other more retired poitions, laid out in 
^ht fines. 

These ret^id and ngtO-lined portions of the walb of a regukur 
are called curtains. 
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The outline of • regular fortrcaa it, therefore^ composed, 
partly of bastions, and partly of curtains. 

I shall now teach you to draw a bastion. 

The plan of a bastion is traced by four right lines joined 
together; of which two. are called faces, and two are called 

FLANKS. 

JDraw a right line perpendicularly, that is to say, in 
a direction from the top towards the bottom of your | 
paper, to represent the left flank of a bastion. 

Draw a second line from tlie top of the former 
towards the right, and so as to form an obtuse angle 
with it. 

This second line is to represent the left face of th9 

BASTION. 

From the extremity of the left face of your 
bastion diaw anotlier line, also towards the r^ht, so 
as to form a right angle nearly. 

This third line U to represent the eight face of the 
BASTION. 

From the extremity of the right face of your 
bastion, draw anotlier right line downwards. 

This last drawn line will represent the bight plane op 
THE BASTION, which is therefore complete. 

Draw' a second bastion, similar to the 
first, a little to the right of it, and lower 
down your paper. 
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Join the lower extremities of the 
opposite flanks of >our two bastions 
by a right line. 




^ The last diawn line m called a curtain, 
mentioned. 


as was be: 




Draw a third bastion to the left of the former, also a little 
lowei than the flist drawn bastion. 


Draw a curtain to con¬ 
nect it with the adfoming 
bastion. 

What >ou have now drawn represents part of the outline of a 
fortified place, and, it must be evident, that by adding more 
bastions and curtains, you might product the right and It ft 
tremities of your figure, until thty met each other, so tD 
inclose a space, such as would be contained within the of 
a fortress. ^ 

All the angles in the outUnc of a fortified place have then: 
particular names. 

'Ihe angle, foi tned by the two faces of any bastion^ is called 

THE SALIENT ANCLE OF THE BASTION. 



Mark the salient angle 
of yoiir center bastion bj 
a small arc. 



The angular point of the salient angle of a bastion is some- 
limes simply called the point of the bastion. 
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The angle, formed by a flank and a face of any bastion, is 
called THE ANGLE OF THE SHOULDEB. 


Mark the angles of the 
shoulder of your right and 
left bastions. 



The angular points of the last-mentioned angles are sometimes 
simply called the shoulders of the bastion. 

Consequently there is the right shoulder op a ras-- 
TioN, and the left shoulder of a bastion. 

The angle, formed by the flank of any bastion and an adjoining 

curtain, is called the angle of the plane. 

'# 


Mark the angles of the 
flank of your center bastion. 

Hub out your marks. 

In addition to the lines shown in your present figure, it is con¬ 
venient, in drawing the outline of a regular fortress, to use a 
number of other lines, which do not actually appear on the ground 
when the work is finished. 

These ima^nary lines are drawn in pencil, in constructmg the 
plan of a fortress. Afterwards, in penning it with ink, they are 
either rubbed out or dotted. 

A line supposed to be drawn between the two angles df die 
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ftttk of may bsstioD, to as to inclose it in reari, is called tui 

eOBOB OF THE BASTION. 

Draw a dotted line to 

* 

lepresent the gorge of jour 
, oenUn* bastion. 



The gorge of a bastion is sometimes also called tub be- 
TBBSB OF THE BASTION: and in general the reverse of anj 
woib whatever signihes the rear of it. 

' A line, drawn through the salient angle of any bastion so as t< 
biaectit, is called the capital of the bastion. 


Draw a dotted line to 
represent the capital of your 
center bastion. 



Rub out the gorge of 
jour center bastion, leaving 
the capital. 



; The demicobgBs op a bastion are formed by pro< 
dneing the adjoining curtains, until they meet the capital of the 
"bastion. 


Draw the left demigorge 
of your center bastion. 



, JDinm 

mi Ho fame bastion. 
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Rub out the deiiiigofi|;eB 
of your center bastion: 

And draw the capitals 
of the right and left bastions 
of your figure. 

The capital of a bastion divides it into two equal parts, whidi 
are called demibastions or half bastions. 

A FRONT OF FORTIFICATION coBsists of any two Oppo¬ 
site demibastions, and one curtain, namely that which fico 
between them. 



Rub out the left face and left 
flank of your left bastion, and Uie 
right face and light flank of your 
right bastion. 



Two fronts of fortification now remain. 


Rub out one of them. 



One front only now remains, consisting of two dentibastioos, 
and one curtain, as was before explained. 

The continued wall or rampart, which incloses a regulix 
fortress all round, forms what is called TBE body op the 

PLACE, OR MAIN INCLOSURE. 

The body of the place is surrounded by a ditch, which is c il fe d 
the principal OB MAIN DITCH OF THE FORTBEaS. 
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In fortificadoD, the interior aide of any ditch, that ia to say, 
'*Riat aide boundary of it, which ia nearest to the center of the 
Ibrtreaa, ia called the scarp. 

But the exterior side of a ditch, that is to say, that side or 
^jboondaiy of it, which if nearest to tlie country, is called the 
COONTERaCARP. 

«r 

Small works, called TENAits, are usually constructed in the 
main ditch of a fortress, in front of, and near to, the curtains of 
the body of the place. 

A tenail consists of two faces, which form an obtuse angle in¬ 
wards, or towards the center of the fortress. 

Draw two lines, forming an obtuse angle 
downwards, to represent the right and left 
TACB8 OP A tenail. 

A tenail has two demigorges in rear of and parallel to the 
faces. 


Draw two lines near the former, below them, 
and parallel to them, and of the same length 
nearly, to represent the demigorges of 
the TENAIL. 



Join the opposite ends of these parallels by T 
i^ht lines. 


TIie last drawn lines form what are called the extremities 
OP THE TENAIL. 

Your tenkil is now coRoplete. It has two faces, two demi- 

/(V 

, and two extremities. 
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The angle formed by the two faces is called the beekter- 
ING ANGLE OF THE TENAiL: and, generally speaking, all' 
angles, in fortification, which point inwards or towards the cen¬ 
ter of the fortress, are called reentering angles. 

Sometimes the faces of a tcnail are not produced until thqr 
meet, but are joined by a tliird line, which is called the curtain 
OF THE TENAIL. 

f 

Draw the front of a new tenail, with two 
faces and a curtain. 

Draw lines parallel to and in rear of die 
former, to represent tlie reverse of your new 
tenail. 

Draw the extremities of your new tenail. 

The tenail, which you have now drawn, is called a tenail 

WITH A CURTAIN. 

A tenail with two faces only, such as you drew before, is called 
A simple tenail. 

Besides the tenail, there arc usually some detached works, 
advanced beyond the main ditch of a fortress, which, from that 
circumstance, are called outworks. 

The most simple and common kind of outwork in use is called 
A BAVBLIN. 

A ravelin has two faces forming an angle outwards, or (bwRi^ 
the country. 
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Draw two linei forqiii^ an angle upwards, to 
tfpresent the bight and left faces of a 
I^AVELIN. 

The angle, formed by the two faces of a ravelin, is called the 
•ALIENT ANGLE OF THE RAVELIN : and generally speaking, 
all angles in fortification, which point outwaids or towards the 
coiuiti7, ^ called salient angles. 

The angular point of the salient angle of the ravelin is also 
called the point of the ravelin. 

In addition to its two faces, the ravelin has also two demigorges, 
which form a reentering angle, that is to say an angle pointing 
wwardb, as was before explaiiicd. 



Draw two lines to represent the right and 

LETT DEMIGORGES OF THE RAVELIN. 



\ 

\ 


The CAPITAL OF A RAVELIN is an imagiiiaiyr line sup- 
poaed to bisect it, and passing through the salient augle. 


Draw a dotted line to represent the capital of 
|a>|ur ravelin. 


A 



It it to be observed that the term " capital** is not confined to 
bastions and ravelins only: it may also be applied to other works 
of fortification, and alw'ays signifies an imaginai^ lin^ passing 
.%NMgb file salient aaglt of a wcwk, and bisecting or nearly 
lit. 
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In like manner, the terms ** goife” and " demigorges/’ may be ap¬ 
plied to other works of forUhcadon, besides those which have bcseii 
above described; it being observed, that they always sigmfy lines, 
which are supposed to inclose the work in rear or in tev&te. 

The ravelin, which you have just drawn, is called a simple 
RAVELIN. * 

Sometimes the two demigorges of a ravelin are not pnxhiced 
till tliey meet; but the reentering angle is cut off by a rig^t lint 
perpendicular to the capital. 

Draw a right line accordingly to cut off the reen¬ 
tering angle of your present ravelin. 

Kub out the superfluous parts of your former 
demigorges: rub out also the capital 6f your rave¬ 
lin : and the ravelin will be complete in its new 
form. 

Tlie last drawn line is called the break at the gorge 

OF THE RAVELIN. 

Sometimes a ravelin has small flanks, which are made pandld 
to the capital or nearly so. 

Draw two lines, accordingly, to represent the 
flanks of your ravelin. 





Rub out those lines of your present flgnre, which 
will become superfluous after the flanks are drawn. 



The flgura of a ravelin with flanks is now con^ilstt. 
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Ravtlins >vithout flanks are esteemed the best. 

The ravelins of a fortress are always placed before the curtains, 
and beyond the miun-ditch; consequ^tiy they stand immediately 
in front of the tcnails. 

In a r^ttlar fortress, there is not only the main ditch surrounding 
die body of the place ; but Uiere arc also ditches in ft out of the 
ravelins and other outw ui ks. 

The ramparts of the body of tlie place arc usually raised 
higher than those of die outworks; and the main ditcit is in like 
manner almost always broader, and .sometimes dct'pei titan Tin: 
HITCHES OF THE OUTWOHKS. 

Beyond the ditches of a fortres.>, there is uenaiU :i luniow spare 
left all round, which agrees with tlic iMtural level of the original 
ground nearly. 

Thb space is called Tiir covtrld way. 

Immediately beyond the covered way the earth is raised to such 
a height as to protect a man standing in it (that is to say in tlie 
covered way) against distant shot fired from the country. 

This elevated part in front of the covered way is called the 
GLACIS. 

The glacis, which is higher than the natural level of the ground 
on one side, falls oif with a gradual slope towards the countiy on 
*'the other side, until it meets the said ground level. ^ 

To recapitulate : a r^lar fortress has walls or ramparts, and 
ditches. Thera are the ramparts of the body of flie place, and the 
Igmpeitl of the outworks. In like maaner there is the mun ditch, 
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that is to say tha ditch of the body of the place, and the d^hes 
of the outworks. Beyond the ditches is the covered way; and 
lastly the glacis. 

The nature of these works will best be understood, from the 
consideration of their section or profile, which 1 shall next proceed 
to explain. 


CHAP. HI. 

Of THE SECTION OR PROFILE OF 'HIE VARIOUS PARTS 

OF A FORTRESS. 

The first line drawn in every section or profile is the ground 
line, which is intended to represent the natui'al surface of dm 
ground, upon which the fortress is constructed. 

ill the section of a regular fortress, this line is always suppoaed 
to be pt'ifectly level, or horizontal. 

Draw a line across your paper to represent the ground linb 
of your section. 


In the section of every regular work, there is the rampart, ditch, 
covered way, and glacis. 

The rampart has an inside, a tcrreplein, a parapet, and a 
scarp. 

' The ^side or back of the rampart, being generally of earth, 
has a slope, which is called the interior slope of 
hampart. 
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Ue inteiior slope of the nunpart hat a base and a height. 

Mark the base of the interior slope, upon jour ground line, bj 
tiro points. 

Represent the height of your interior slope by a perpendicular 
nnsed above the ground line, from the second point. 


Draw an oblique line between the first point and the top of the 
above perpendicular. 



The line last drawn represents the interior slope of jour rampart. 

The terreplein is the level part or terrace of the rampart, upon 
iriiidi the guns and mortars, destined for the defence of the 
fMTtress, are placed. 

It commences immediatelj in front of the interior slope of the 
lampart. 

Mark the extent of the base of jour terreplem, upon the ground 
a point. 



> The tefrepMn is made a little higher in firont than in rear, to 
finn water from lodging upon it. 
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Kqnreseot the height of yoar terreplein in front, bj raifing a 
perpendicular from the above point. 



Draw a right line, connecting the top of this perpendicular, and 
that of the interior slope of the rampart. 



[ 

i 

/ 

1 

i 



The last drawn line will represent the terreplein of your 
rampart. 

The parapet is a breast work, constructed upon the front 
of the rampart, and raised to a certain height, to protect the 
men and guns, placed upon the terreplein, against an enemy’s 
fire. 

The parapet has an inside, a top, and an outside. 

The inside of tlic parapet generally has a slope, which is called 
the interior slope of the parapet. 

Represent the height of your parapet above die front of the 
terreplein, by a vertical line; or, in other words, one which is 
perpendicular to the ground line of your figure. 

This is done by producing upwards that perpendicular, which 
shows the height of the terreplein in front. 
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Represent the base of the interior slope of your parapet, by 
marking a point upon the terrepleiii, at a short distance in rear of 
die last drawn line. 



Draw THE JNTERIOK SLOPE OP THE PAttAPET. 


A 



The top of the interior slope of tlu* para|>et is railed Uie 
interior crest of tlie parapet. 

Sometimes it is siiAply called Till: crest or the parapet. 

From the crest of the parapet draw a horizontal line, outwards, 
to represent the thickness of the parapet at top; it being ol course 
understood, from what was said before, that ever\ horizontal liiM*, 
in the section of a regular fortress, is supposed to be parallel to 
the ground line. 



-A 



I 



The top of the parapet has a gentle Hlo|>e from tlie crest down¬ 
wards, which is called the superior slope. 

Represent tlie height of the superior slope of the parapet by 
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<lropping a perpendicular from tiie extremity of the last drawn 
line. 



Tlic height of tlic superior slope of the parapet is also called 

THE DIP OF THE PARAPET. 

Draw THE SUPERIOR SLOPE OF TIIE PARAPET. 



The outside of the parapet has a slope which is called the ex¬ 
terior slope of the parapet. 

Profluce the dip of the parapet downwards to a certain extent, 
to rejiresent the height of the exterior slope of the parapet. 



From the foot of tliis produced line, draw a horizontal line, 
outwards, to represent the base of the exterior slope of the 
parapet. 




to 
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Draw THE E)tTEE10R SLOPE OP THE PARAPET. 



On that part of the terreplein, which is immediately behind the 
parapet, there may either be giin and mortar batteries, or a ban¬ 
quette. 

The BANQUETTE is a ft)Ot hank for the troops lo stand upon, 
when they fire over tlie parap« t with small arms. 

Represent the level of the b.'iinjuette hv marking a point, on 
the interior slope of the parapet. 





From this point draw a line baekward.s, which may be horizon¬ 
tal <H' nearly so; in order to represent tlie breadth of the banquette. 



This line is called THE tread of the banquette. 
Represent the height of the banquette io rear by a vertical line. 
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The banquette baa a slope in rear. 

Mark the extent of the base of tliis slope, upon the terrepleb, 
by a point. 


Draw the slope of the banquette. 





'riiose lines in yotir fijjnre, which represent the base or height 
of any slope, are ail imaginary lines, which in a finished section 
would cither be rubbed out t>r dotted. 

Part of the terreplein, and of the interior slope of the parapet, 
also b(‘conie imaginary lines, in a section, after the banquette is 
drawn. 

Rub out all the imaginary lines in your present figure, excepting 
the ground line, which is necessary for our further operations. 



Here it may be observed^ that in drawing sections or plans of 
works of fortificationy it is seldom usual to rub out any of the 
imaginary lines, which are useful in the construction, until the 
whole of the outline is finished in pencil. 

In this book a different system is followed, a part of the 
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iaiaginary lines being generally rubbed outf before the whole of 
proposed figure is completed. This has been done for the sake 
if clearness. 

I before stated that the top of the interior slope of the parapet, 
'which is the highest ikige of it, is called the interior crest 

OF THE PARAPET. 

In like manner, the top of the exteiior slope of the parapet, 
is called the exterior crest of the parapet. 

A parapet therefore has two crests or ridges. 

But whenever the term ** crest of a parapet ” is used w ithout 
particularly specifying which of the twt», ilu* interior crest of the 
parapet is always to be uuderstooil, as may be inferred from what 
was before observed; it being the highest and most coiispicuoui 
ridge. 

Tlie outside or front of die rampart is called the scarp. 

The scarp may either be keveted or not. 

When the scarp is said to be reveted, it implies Uiat it is faced 
with masonry or brickwork; and the v^ull, which is built fur that 
purpose, is called the scarp revetment. 

Between the foot of the exterior slope of the parapet and the 
front of the rc\etment, a small margin or level space is generally 
left, which is called a berm. 

DriTw’ a horizontal line outwards to represent the juebm. 
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From the extremity of tlie berm, drop a peipendicular, inter- 
lectiiig tlic ground line, in order to represent the height of the 
scarp revetment. 



This being the principal perpendicular in die scarp, is called 
Tin: SCARP LINE. It is supposed to terminate on the same 
level wiUi die bottom of the ditch. 

Draw a horizontal line, outwards, from die foot of the scarp 
revetment, to represent die level of the ditch. 



The scarp revetment has a slope. 

Mark the extent of the base of this slope upon the last drawn 
horizontal line. 




«♦ ELEMENTARY FORTIFICATION. CHAP. III. 

Draw THB BLOPB OF THB SCARP REVETMENT. 



The scarp revetment has an offset as its foundation. 
Mark THE OFFSET. 



Draw a line to shew the depth of the rouM)ATio?< 
OP THE SCARP REVETMENT, by dropping a perpendicular froiii 
the extremity of the offset. 
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Draw a horizontal line to repreient the bottom of the fbirn* 
dation. 



Draw also a horizontal line to represent the top of the scarp 
revetment, part of which will agree witli the berm. 



Draw a vertical line to represent the back of the scarp revet¬ 
ment. 



The scarp revetment usually has a cordon. 

The cordon is an upper course of cut stone, projecting a litde 
beyond the rest of the wall, in a semicircular form. 
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Mark the height of the cordon^ upou tlie scarp line produced 
upwards. 



Draw tlie front of the cordon) by dcscribbg a semicircle upon 
the above produced line. 



Draw the top of the cordon: and nib out the lower part of tlic 
exterior slope of the parapet) if it interferes witli the cordon. 
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Draw the back of the cordon, which we shall suppose not 
to extend quite so far as the back of the revetment. 



Rub out the imaginary lines in your cordon and scarp revet* 
ineul. 



It is to be observed, that that course of masonry which forms 
llie cordon, is not always built in the manner represented in your 
present figure, but is often made to extend as far back as the rest 
of the revetment, and the latter is of course die strongest meUiod. 


At die back of the revetment, there are generally cou nterforts 
OR BUTTRESSES to strengthen it, built at certain intervals from 
each other. 

Tlie couutci forts arc not always made quite lo high as the revet¬ 
ment. 
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Mark a point upon the back of the revetment, aJittle lower 
dian the top of it, to diew the height of tlie counterfort. 




Draw the back of the counterfort. 



Draw the bottom of the counterfort, by producing, backwards, 
the bottom of the foundation of the revetment. 
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Mark a point on four ground line to shew the breadth of the 
ditch. 



It was before explained that the interior .side of the ditch, in for¬ 
tification, is called the scarp; and that the exterior side of it 
called the counterscarp. 


Represent the height of the counterscarp by dropping a perpen¬ 
dicular, from the point last marked, to meet the bottom of the ditch. 



71iis perpendicular in the section, agrees with the counterscarp 
line in the plan of a fortress. 

TbdP counterscarp has also a revetment, similar to the scarp 
levetment, which you have just drawn. 

Mark the extent of the base of the slope of THE couttteh- 
SCARP REVETMENT by a poillt. 



so 
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CHAP. III. 


Draw the slope of the counterscarp revetment. 




Draw a line to show the depth of the foundation of the counter* 
•carp revetment. 



Draw the bottom of die foundation of the counterscarp revet* 

molt. 
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Mark the thickness of the counteracvp revetment at top. 



Draw the back of the counterscarp revetment. 



Hub out superfluous lines in your counterscarp revetment. 



The counterscarp revetment usually has a coping, or upper, 
course of cut stone projecting a little beyond the rest of the wall. 

The copjno of the counterscarp projects or over¬ 
hangs about six inches in a rectangular form. 
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Murk Ike beigkt of the coping upon the dope of the cx>i»ter- 
icurp revetment, a little below the ground line. 




Draw the projection of the coping. 



Dmw the bottom of the coping. 
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Rub out that part of your ordinal counterscarp revetment, 
which becomes supcr6uous after the coping is drawn. 



Sometimes tiic coping does not extend the whole breadth 
of the revetm(‘iit. l.et us suppose this to be the case in the 
present instance. 

Draw the back of the new coping at a little distance from the 
back of the revetment. 



Rub out that part of the revetment, which now becomes su¬ 
perfluous. 
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Tbe counterscarp revetment may be strengthened by counterf<Mls 
or buttresses, which are similar to those of the scarp. 

Draw a rectangle to represent a coi:nterfort of thk 
COUNTERSCARP, iiiakilig the top of it a little lower than that of 
the revetment, which it is intended to*strengthen. 



Mark the breadth of your covered w ay upon the ground line, b\ 
a point. 



The covered way usually has a gentle slope from front to rear 
to carry off rain water. 


From the point, which shows the extent of your covered way, 
raise a short perpendicular to represent the height of the said 
slope. 
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Draw THE SLOPE OF THE TovEBED WAY-, and Hiise the 
top of the coping a little, so as to agree with the slope. 



Ill front of the covered way is the glacis, the back of which, 
being raised to a certain height, serves as a parapet for the covered 
wav. 

Represent the height of the parapet of the covered 
WAY by a vertical line. 



Mark a point upon the covered way, to show the extent of the 
base of the interior slope of the parapet. 



D 2 



96 


ELEMENTARY FORTIFICATION, chap. hi. 


Drew the iuteiior slope of the parapet of tlie covered way. 





The crest of the parapet of the covered way ih also called the 
CBEST OF THE GLACIS ; aiul tliU latter term is commonly used 
in preference to the former. 

TTie parapet of the covered way has a banquette in rear of it, 
similar to that of tlie rampart. 

Mark the level of the banquette of the ( overed way. 

Drew the tread of the banquette. 

Represent its height in rear by a vertical line. 

And draw its slope; all of which operations must be performed 
In the same manner that was before described, in treating of the 
former banquette. 





Tre banquette of the covered way is now com¬ 
plete. 
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Rub out all the imaginary Ihies of the parapet and baiM|uette 
of the covered way; leaving only that perpendicular, which showa 
the height of the crest of the glacis. 



Mark the breadtli of die glacis upon your ground line; measuring 
from the foot of the above perpendicular, outw'ards.* 



'This distance shows the extent of the slope of the glacis, which 
is continued regularly from the crest outwards, until it meets die 
natural level of the ground. 

Draw THE SLOPE OF THE GLACIS. 



* The following figures are done on a smaller^scale than the former ones, 
in order not to exceed the width of the page. 
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pointt where the slope of the glacis lemiinates, is called 
tpa foot of the glacis. 


‘ All that part of the ground line, which is conipreheiided between 
tile bottom of the interior slope of the rampart, and the foot ol 
tile glacis, now becomes an imaginary line; and must either be 
rubbed out, or dotted, in a finished section. 


Dot the above-mentioned part of your ground line : 

And rub out that line, which n presents the perpendiculai 
he^t of the crest of your glacis. 



Rub out your dotted line. 


On the front of the banquette of the covered way, there is a 
row of palisades planted. 

Palisades are strong wooden stakes, driven into the ground 
▼er^^ly or nearly so, a few inches apart. They are generally 
iiaade of oak, or hard wood, seldom less tlian 6 inches tliick, 
-and of such a height as to form an obstacle to troops. 'Fhe 
palisades of the covered way are either made of the same height as 
tile crest of the glacis, or a little higher. 

I 

THE PALISADE OF THE COVERED WAY, representing 
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the thickness of it by two parallel votical lines, except at top, 
where it must be pointed. 



11)6 ditch, in its present form, represents a dry ditch. 
Sometimes the ditch may be wet, or partly filled with water. 

Draw a horizontal line to represent the surface of water in 

A WET DITCU. 



You will have observed, that the covered way is nearly on the 
same level as the original ground, ou wl^h the fortress is sup* 
posed to be constructed: but that the dittdi is sunk below this 
level; whilst the rampart and glacis are raised above it. 

In planning a fortress, it therefore becomes a matter of impor^ 
tance, to make die ditches of such dimensions, that the rubbish, 
excavated from thence, may just be sufficient for forming the 
elevated parts of the rampart and glacis. 

s 

If this rule is not attended to, it may be necessary, either to 
bring a considerable part of the materials for finishing the ramparts 
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•Ad glacis from a great distance; or to cart away the superfluous 
robbish from the ditches into Uie country, instead of being able to 
use it on the spot: in either of which cases a needless loss of time, 
la^ur, and expense will be incurred. 

Sometimes instead of a semicircular cordon for the scarp re\ct- 
ment, a simple coping is used like that of the coiiiiterscarp. 
Sometimes both cordon and coping are dispensed M'ilh. Some¬ 
times also the counterscarp revetment is nut continued quite so 
high as the level of the covered \va>. 

There may also be several other variations in the [troiile of a 
fortified place, which shall be noticed hereafter. 


CHAP. IV. 

OF THE USUAL MODE OF rONSTRlTTING THE Ol TI.ISr 
OF THE PLAN OF A KECI LAR FORTRESS. —t lU NTElt- 
FORTS AND TRAVERSES FURTHER EX PLAINEJU 

In drawing the outline of the plan of a regular fortress, the first 
thing necessaiy is to describe a regular polygon, iiiclusitig tlie town 
or spot of ground whidb is to be fortified. 

The nature of the polygon will depend upon the size or 
extent of the place or position, that is to be fortified. Fur instance, 
•.iPinal] town may be fortified by a hexagon or figure of six sides; 
wb^'eas a large town or city may require a decagon or figure of 
ten sides, or even more. 

The smallest regular work in use is a square fort. 

* <f 

*1 

HI aexl to this it a pentagon. 
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The square and pentagon are used only for citadels, or for the 
defence of posts of secondaiy importance. 


After the polygon is flrsrribed, all regular fortresses are con¬ 
structed nearly in the snine nianner, each frout of tlie fortress K<» ing 
made to correspond with a side of the polygon. 


Let us suppose that the fortress to be represented is a regular 
hexagon. If we construct a half hexagon, it wjH explain the 
matter equally well. 

f 

Take a half sheet of large paper, and turn one of the long sides 
of the pa per tow ai ds you. 


Draw a right line across your pajicr near the bottom of it. 

I.^jioii this line, with a 
radius rather less than one 
thinl of the breadth of the 
paper, describe a semicircle, 
the center of which must agree 
with the middle of the paper. 



In this semicircle describe a 
half hexagon, to represent part 
of the poUgun that you propose 
to fortify. 



Hie three sides of the half he.xagon are called the £.\teeidr 
sideI^of the polygon. 



4fl 
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'Tbe angles, formed by the exterior sides, are called ex- 

TBBIOK ANGLES 0>F THE POLYGON. 


Mark the exterior angles of 
the polygon, that are shown in 
your present figure. 



Rub out your marks. 

From the center of your half 
hexagon, draw radii to the 
two exterior angles of tlu^ 
polygon, which are sliown in 
your figure. 




\ 


The angle, formed by any 
interior angle of the polygon. 

Mark the interior 

ANGLES OF THE POLYGON, 
represented in your present 
figure. 


two adjoining radii, is called an 



The interior angles are also sometimes called the angles 

AT TUB CENTER OF THE POLYGON. 
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Rub out the semicircum- 
fereiice, the two last drawn 
radii, and tlie marks of the 
interior angles of your polygon. 
The half hexagon, and dia¬ 
meter only will remain. 



We shall now proceed with the construrtioii. 


Bisect eaeh of the exterior 
aides of )our polygon. 



From the niid<ll« of each 
exterior side, drop perpen- 
dienlars, inwards, of a given 
It'iigth ; fr>r instance let these 
perpendiculars be one sixth of 
tlie exterior sides. 



On cjatninins^ the figuref it will he found thut the peT~ 
pendicuitirs nte more than one siith of the exterior s/r/e, notnUh^ 
stniuHfiif the above direction. Ihc same deviation from the rules 
given in the text tvill be found in sonic other parts oj this bookm 
The rensoH is^ that thefgurest in generaU being on a very mall 
scale, the various parts represented would not be sujfeientl^ cleuTf 
if the xi'hole of them leeie abcaifs drawn according to their just 
proportions. Ilut wherever there is any variation oJ this neUure, 
the learner is recommended to follow the directions contained in 
the text, maf^iug his figures as much larger than those in the book, 
as he nkipjind convenient* 
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When THE PERPENDiri LARS,” are ineiitioned, in describing 
a system «f fortification, it always implies the lines winch you 
have just drawn, unless any thing to the contiary is specifieil; be¬ 
cause although iheienuiy be many otlu r lines perpendicular to each 
other, in the plan of a fortiess, these are the principal perpendicu¬ 
lars, and of most use in the constiuction. 

From the adjoining Ulterior 
angles of the polygon, diaw 
lines intersecting each other 
at the foot of the ptr|>endi 
culars. 



These lines aie called thl iinfs <»i nn i m k 

The salient angles, foinied by these last diawn linc', coiiespund 
with the salient angles of the bastions oI your foitress. 

Upon the lines of defence, -( 

• t * \ 

measure a cei tain distance from , , 

the salient angles on ea< h side; / \ 

and mark points for the should- /, ' O 

ers of your bastions. For in- ' _ _ 

stance, let l! e distance set off be about one third of your cxtcrioi 
sid( s. 


7'akc in your compasses the " ----- ^ 

vhitance between the salient / \ ^ 

anifle of one bastion, and the ^ M ' 

dhoulder of an adjoining one; 

and from each of the salient ^__ 

angles as a center, with the above radius, make intersections 
^pon those lines of defence wliich aie diawii fiom the same point. 
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The points last marked will show the position of the angles of 
the dank. 

By joining the various points in the lines of defence, you will 
have the flanks of your bastions and the curtains. 


Draw Tiic ri.ANKs. 



Draw Tiir c lktains. 



The lines of defence, properly speaking, extend only from the 
angles of the dank of any bastion to the salient angles of the 
adjoining bastions. 

The body of tlie place of your half hexagon is now complete. 
It consists of three fronts of fortification; each front, as was before 
observed, being composed of two demibastions and one curtain. 

Rub out your perpendiculars. 

Rub out also those parts 
of your lines of defence, which 
will become iniaginaiy lines, 
after the bastions are drawn. 
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Tlie angles, comprehended between the exterior sides of the 
polygon, and the fact s of the bastions, are called th e ni min isH ed 


ANGLES OF THE POLYGON. 

Mark the diniinished angles 
of your polyg«>ii. 



Rub out tlw marks of the dimini.shed angles; and dot the 
exterior sides of your pol\ gon. 

Draw the capitals ol \oui ha^rions: and dot them. They will 
of course agree with part of llie ratlii of tl»e pol>gon, N\hich yon 
before drew. 

Represent the deniigorgcs 
of your bastions by produeiug 
the curtains, till they meet the 
capitals on each side of them; 
and let the deniigorges also be 
dotted. 

The right line, which is composed of one curtain and two 
adjoining demigorges, is called an interior side of the polygon. 

There are three of these lines in your present figure; and they 
ave called the interior sides of the polygon, because 
if yon examine attentively, you will observe that they form a r^u- 
lar half hexagon, or figure exactly similar to that which is formed 

the extericM* sides. 

When the exterior sides of the polygon are first drawn, in the 
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manner, Uiat we have followed in the above construction; tlus h 
called FOiiTiFYiNG inwards; because the whole of the body 
of the place comes within the original polygon. 

But when the interior sides of liie polygon arc first drawn in 
any plan, and the other lines arc marked off afterwards; it is 
called roRTirvivo outw ards; because in this case, the body 
of the place comes w ithout your original polygon. 


Rub out all imaginary lines, 
that is to say all tin- doltj <1 
lines ill \oiir plan. 




\ 

_ \ 


Tlic rcniainiiig lines (not iiu iiuling of course the diameter of 
\our original semieirelc) will itpusent the outline of THE 
BODY or Till. PLici; of a regular half hexason. 


This is called thi. masti u line of the fortress; and 
it conespuiids with the scarp line, in the profile or section, 
which was before explained. 




Soinetimc.s it is also called the cordon line, because it 
agrees nearly with the front of the cordon of the scarp revetment. 


e shall next proceed to draw the main ditch of onr fortress. 


T/ie number of fronts in the book will now be reduced from 
three to or/e, ivhkh will be drawn on a larger scale, in order that 
the remaining fgurts mat/ not appear too complicated. 


But the Teacher may, if he thinks proper, cause the Learners to 
continue to construct their figures with three fronts; and without 
changing their scale. 
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In that case, he k’iV/ make titem pass over a part of 'the 
SMCceeding paragraphs, until the bod*/ of the place of the uerv 
jfigure cousistitig onlt/ of one front is supposed to he constructed; 
proceeding at once to that paragraph in page 51, uhich com¬ 
mences thus, “ The main ditch, or ditch of die body of the 
place/’ See. 

Teacher should however think it expedient to make the 
Learners construct one front on a large scale, before they draw a 
complete half hexagon ; he may then, instead of' omitting any 
part of the succeeding paragraphs, go on with the whole of them 
in regular order, us follows. 


Draw two radii to divitie 
the center front of your half 
bexagon, from the tuo otlier 
fronts: 


\ / 

/ 



Rub out yourtwo extreme fronts, 
leaving only the center front, with 
the radii which bound it. 



Your figure in its present state represents one front only of a 
Iwxagon; but as die several fronts of a regular fortress are exactly 
alike; if you know bow to construct one, it will be a sufficient rule 
for all the others. 

We will, therefore, construct one complete front only of a 
,t|q(iilar fortress, previously rubbing out our present figure, and 
^ ^w n m cticipg another, on a larger scale, for the sake of clearness. 
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Draw a right line to represent 
tlie exterior side of one front of 
your new figure, on a larger scale. 


We shall next draw a part of ifie two radii of the proposed 
front: it being unnecessary to draw tlie whole of tliera. 


Divide yoiir exterior side into 
lliree equal parts. 


The angle formed by the exterior side of a hexsqjon, and either 
of its radii, is (‘qua! to the angle formed by any two sides of an 
equilateral triangle. 


In order to find a part of tlie 
radii of your proposed front, you 
will therefore construct an equi¬ 
lateral triangle, on the two extreme 
parts, that is to say, on the first i 
terior side. 



third divisions, of your ex- 


Rub out those two opposite 
sides of your equilateral triangles, 
which are nearest to the middle 
of the exterior side. 



-~1 

/ 

/ 


Your figure, in its present state, represents the exterior side of 
one front of, the polygon, and a part of two radii, such as were 
shown in one of your former figures, but on a laiger scale. 

VOL. If. » 
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Bisect your exterior side, ac- 
^rding to the rule before ex> 
phuoed: drop a perpendicular 
from the middle of it; and make 
^e perpendicular equal to one sixth of the exterior side. 

From die extremities of your 
exterior side, draw die lines of 
defence, intersecting each other 
at the foot of the perpendicular. 

From the extremities of your 
exterior side, which represent the 
poridoDS of the salient angles of 
*two bastions, mark a given dis¬ 
tance on the lines of defence; for instance, a distance equal to 
one third of the exterior side. 

The points last marked will represent the shoulders of die 
bastions. 

You will next take in your 
compasses the distance between 
the salient angle of one bastion, 
and the shoulder of the other, 
and from each of the salient aisles, as a center, widi the above 
ndius, make an intersection upon that line of defence, which is 
drawn from dw same point. 

‘The new points thus found vrill show’ the angles of the flank, 
as was before explained. 


Draw your flanks. 
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Draw your curtains. 



The body of tJie place of one front, is now complete, on a 
larger scale than before. 


We shall next proceed fc) draw tlie main ditch. 


Tbe following directions apply cither to the finishing of the 
outbne of one front of fortification, such as is represented in yoiur 
present figure; or to several, as for instance, to a figure with three 
fronts, such as the outline of the half hexagon, which you before 
drew. 

The main ditch, or ditch of the body of the place, is 
bounded by the scarp and counterscarp. 

The scarp line has just been drawn: it remains to draw the 
counterscarp. 

The counterscarp is made circular, opposite to the salient angles 
of the bastions. 

From each salient angle as 
a center, with a given radius, 
as for instance, one half of 
your perpeudicular, describe 
arcs outwards towards the 
country. 

If the learners are continuing their former half hexagon: 

Restore ^our original perpendiculars in each fron^ and produce 
them outwards. 
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If the learners are drawing am froiU only, according to the 
fguree immediately preceding: 

Rub out all imaginary liiieii 
except your perpendicular, 
and your two radii, wliirli }ou 
will produce outwards. 


The straight parts of your counterscarp, which commence 
where these circular parts finish, are generally directed towards 
the shoulders of the nearest bastions. 



. From the shoulders of 
every bastion, draw tangents 
to the above arcs. 



Rub out the superfluous 
parts of the arcs, and of the 
counterscarp lines; that is 
to say those parts of the 
last drawn lines, which are 
betw’eeu the shoulders of the 
of these lines. 



bastions, and the point of intersection 


The form of the counterscarp of the body of the 
PLACE is now complete; as also that of the main ditch. 

•r 

Upon each perpendicular 
produced, mark a point at 
a given distance fi*oui tlie 
leenterii^ angle of the coun¬ 
terscarp. Let this distance, 

ilMrtance, be equal to the faces of your bastions. 
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The points just marked, show the position of the salient angles 
of THE BAVELINS. 

Upon each of the faces of 
your bastions, mark a point 
near the shoulder, at a given 
distance. 


Draw right lines, from the 
points marked on each pro¬ 
duced perpendicular, to those 
which arc marked on the 
faces of the bastions of the 
same fronts. 

Rub out the superfluous parts of your last drawn lines, that is to 
say, those parts of tliem which cross the main ditch. 


The faces of your ravelins 
will then be complete. 


Rub out the capitals of your ravelins. 

The ravelins have ditches and counterscarps. 
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itiiatputof THE COUNTERSCARP OF THE RAVELIN, wKtch 
tt immediately in front of the salient angle, is made circular. 


From the salient angle of 
each ravelin, as a center, 
with a given distance as a 
radius, for instance, about two 
diiids of the width of the 
main ditch, measured at the 
salient angles of the bastions, 

Draw tangents to each arc, 
parallel to the faces of the 
ravelins, and produce them 
till tb^ meet the counter¬ 
scarp of the body of the 
place. 





describe an arc outwards. 



The main ditch and the ditches of the ravelins 
communicate wTth each other. 


Rub out therefore the su¬ 
perfluous putts of your 
original counterscarp, as also 
the last described arcs. 



l^w the break at the 
fcnge of the ravelin, in every 
ftnot 
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Rub out those parts of 
the demigorges of your rave¬ 
lins, which become super¬ 
fluous, after the breaks are 
drawn. 



The outline of the counterscarp of a regular 

ravelins , . 

with I- IS now coaiplete. 

a ravelin ^ 

The covered way is bounded by the counterscarp and 
glacis. 

^rhat side of the glacis, which is next to the covered way, is 
called the crest of the glacis, as was before explained in treating 
of the profile of a regular fortress. 

The crest of the glacis is drawn parallel to all the faces of 
counterscarp, at a given distance; but these parallels are produced 
till they form salient angles w'ithout being rounded off like die 
salients of the counterscarp. 

Let us suppose that the breadth of the covered way is to be 
about one third of the breaddi of the main ditch. 

The most convenient mode of drawing the crest of the glacis, 
is first to describe arcs, at a given distance from all the reentering 
angles of the counterscarp. 

You will therefore, from 
each reentering angle of your 
counterscarp as a center, with 
a radios equal to one third of 
the breadth of the main ditch, 
describe ales to diow die 
extent of the covered way. 
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Draw tai^ents to these 
arcs parallel to ail the faces 
of the counterscarp. 



Rub out your arcs, and 
the superilttous parts of 
your tangents. 



Any part of the covered way, which is more spacious than the 
rest of it, is called a place of amis. 


Those parts of the covered w'ay, which are in front of the 
salient angles of the bastions and rai<‘lins, being more spacious 
than the rest of it, are therefore places of arms, and from their 
position tliey :'ie called the salient places of arms op 
THE COVERED V. AY. 


Here the Teacher will cause the Learners to “ mark the salient 
{^aces of arms of the covered way aftd afterwards to “ rub 
out the marks.” 

There are also reentering places of arms, that is to say, 
sp^ious parts near the reentering angles of the covered way. 
These are not yet drawn. 
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The reentering places of arms have two demigoi^es and two 
faces. 

The demigorges are marked by setting off a given distance upon 
the crest of the glacis, on each side of the reentering angles. 

Let us suppose tin* lengtii of the demigorges to be equal to the 
breadth of the mum ditch nearly. 

Von will accordingly 
mark tin* dcinigoiges t>f 
tile reentering places of 
arms of the co\crcd way, 
at the above distance, on 
each side of tlic reen¬ 
tering angles of the 
ci.vercd \v av. 

Take in voor conjpasses a distance a little longer than one of 
ibe tlemigoigcs, for instance, about one tentli hmger; and let 
tliis rejtreseut the ieiigtli of the faces of your reentering places of 
anus. 



With this distance as a 
radius, from the extremities 
of each pair of dcinigoigcs 
as centers, describe arcs 
intersecting each other to¬ 
wards the country. 



Hie points of intersection, Uins fo-'iid, show the position of' 
the salient gingks formed by the faces of tlie rceut^ng places of 
arms. 



5S 
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eadi of the above 
pcttta of interaectioD, you 
will therefore draw right 
fiiea to the extremities 
^e demigoi^es. This 
htmg done, rub out the 
small wcs, which will then 
bHeome superfluous. 

Rdb out also those parts 
flie original crest of your 
glacis, which will become 
superflaous, after the re- 

XNTERING PLACES OF 
ARMS OP THE COVERED 
WAY are drawn. Rub out 

the superfluous parts of the faces of tlie said reenterii^ 
places of arms; namely that part of each face which crosses the 
eotored way. 

The long faces of the covered way are called branches; and 
take their names from the work immediately behind tliem. 

V<x instance, there are two branches of the covered way, in 

firont of every bastion of a regular fortress. 

* 

One of these is called the right branch of the 

JCOYSBED WAY OF THE BASTION. 

Hie Other is called THE left branch op the covered 
WAT OP THE BASTION. 

. ^ There are also two branches of the covered way in front of 
evwy ravelin of a regular fortress. 
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One of these is called the right sranch of the 

COVERED WAY OF THE ltA>ELlN. 

llie other is called the left branch op the covered 

WAY OF THE RAVELIN. 

The foot of the glacis is drawn parallel to tlie crest of it. TbDi> 
most convenient mode of drawing it, is first to take the breadth 
of the glacis as a radius, and from all the salient angles of the 
covered way, as centers, to describe arcs. 


Let us suppose 
the breadth of the 
glacis to be nearly 
double the breadth 
of your main ditch. 
Take this distance in 
your compasses, as 
a radius, and describe 



arcs outwards, from all the above-menfioned satient angles. 


Draw tangents to 
these arcs, parallel to 
all the faces of the 
covered way; or, in 
other words, parallel 
to THE CREST OF 

the glacis. 



ea 
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Rub out the su¬ 
perfluous arcs, &c. 
and the exterior lines 
of your iigure will 
^ow the form of 

THE FOOT OF THE 
fiMCJS. 



Every branch of the covered way has traverses, or small 
parapets extending across it, of the same height as the crest of 


the glacis nearly. 

TTicse traverses arc intended to protect troops posted in the 
covered way, against raking shot from an enemy's batteries. 


‘‘There arc advanced traverses, and retired traverses. 

I shall first explain the method of drawing the advanced 

tfuverses. 


Pr<»duce the fares 
of all your bastions 
and ravelins across 
die ditches, until they 
meet the counter- 
iciip. 



If the Learners are continuing the construction of a half 
hesagonf the Teacher will now direct as follows. 
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Place one leg of your compasses in tiie center of the circular 
part of the counterscarp of a bastion, that is to say on ^ point ; 
'where tlie counterscarp would lie intersected by tlie capital of the 
bastion produced. 

Measure the distance from this point to either of the adjoining 
points, marked uii the counterscarp of the same bastion, by one of 
its faces produced. ■ ' 

Set oft the same distance, in the same manner, upon the two 
circular parts of the counterscarp, in front of each of the demi- 
bastions at the right and left c ^tieinitics of your figure. 

U hen this is donCf the Teacher uill pass over such of the 
folloKwg directions as appiif to the single front of fortijication 
only, and will proceed to that paragraph in page fi4, which eom^ 
menccs thus: Trom the various points, marked on your coun¬ 
terscarp, draw perpendiculars,'’ See. 

Jj the Learners, however, are not drawing a half hexagon, 
but one front of fortification only, such as appears in this part (f 
the book ; then the Teacher will direct as follows. 


llie faces of the ilcmibastions, shown in yonr present fremt 

of fortification, would, if produced, cross the ditches of the 

« • 

two adjoining fronts, to the right and left of it, no part of eithiv 
of which is represented in the figure. 

And in like manner, the faces of the neaiest demibastions of 
the two adjoining fronts, would, if produced, cross the nuw 
ditch and meet the counterscarp of your present front 

It is tbereforo necessary, before the proper uiitnber of jKiinlf 
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.<Ni Ae coonteracarp of your fifpire can be determined, to And the 
' ^oiidon of die face of one deinibasdon of an adjoining front. 

We dwU choose, for this purpose, that front which is to the 
kft of our figure. 

It has already been explained, that die capital of any regular 
bastion bisects it. 


From die point of your left demibastioii, you will therefore 
a right fine, forming an angle on die left side of the capital, 
equal to that angle which is Immed by die capital and the face of 
die said demibastion. 


The method of per- 
filming this problem 
by means <f intersect¬ 
ing arcs was explained 
inthe Course of Prac- 
Heal Geometry, 


Rub out the arcs, by 
means of which you 
found your new angle \ 
Wjjd ifae line last drawn 
aw show die face of 
an a^^oiniog demibas* 
don, which forms a 
part of the next front 
nf our supposed for- 

'tieai. 
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Produce . the last 
drawn face across the 
ditch, till it meets the 
counterscarp of the left 
demibastioii of yonr 
original front 



Place one leg of your compasses in the point, where the capHdl 
of the left demibastioii of your original front cuts the counter¬ 
scarp ; and from thence measure the distance to the point, where 
the counterscarp of the same demibastion is met by the prodneed 
face of the adjoining front. 


Set off the same 
distance, in a similar 
manner, upon the 
counterscarp of the 
right demibastion of 
your original front. 



This being done, rub out the superflnous face, which is to the 
left of your original front of fortification. 


Here the same directions will again apply, either to the 
Itexagon, or to a single front of forti^cation. 



«« 
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From the various 
points, marked on 
your counterscarp, 
draw perpendiculars 
across the covered 
uray. 



Rub out the lines 
dial cross vour ditches. 



.-r 


Each of the 'perpendiculars, drawn across )our covered way, 
^presents the front, or outside of an advanced traverse; or in other 
irords that side of it, which faces towards the country and 
would be exposed to an enemy’s lire. 

The back or inside of each advanced traverse is drawn parallel 
Id dtc above lines at a given distance, on that side of each, which 
faces towards the interior of the fortress. 

Let us suppose this distance to be about two thirds of the length 
^ your traverses. 
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Tlie whole of the advanced traveeses of the covered 
WAY are now complete. 


ITie line, which represents the back of a traverse, is also called 
THE crest of the traverse, because it is the highest part 
of it.* 



These last drawn* perpendicubua are to represent the back 
or crest of the retired traverses op * the covered 

WAY. . . 


* It will be understood, that the term crest of a traverse < 

interirwcreslof it, as was explained in treating of the parts of dfOnifMd» 
to which a traverse is shntlar in every respeet* ^ 

VOL. II. 
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Ortw ^ front of 
cndi of the retired tra- 
Terees, parellel to the 
crest of them, at a 
firen distance, which 
jou maj make equal 
h> die breadth of your 
foiiDer traverses. 

The traverses are disdnguuhed from each oUier, bv the particular 
branch of die covered way, lu which theji are situated 
F<h instance, there is 

Tb£ advanced teavebse oi the eight bea>ch of 

THE COVEEED WAY OF A BASTION* 

The BETIBED TEAVERSE OF llil:. RlOIll BRANCH OF 
THE COVERED WAY OF A BASTION ' 

The advanced teaveesl of the left branch of 

THE COVERED WAY OF A BASTION * 

The retired traverse of the ieft branch oi the 

COTBREO WAY OP A BASTION 

The advanced traverst of the right branch of 

THE COVERED WAY OF A RAVLIIN 
i The RETIRED IRAVERSE OF THE RIGHT BRANCH OP THE 
COVERED WAT OF A RAVELIN. 

The advanced traverse of the left branch of tub 
COVERED WAY OF A EATELIN : and 
The retired traverse of the left branch of the 

HOVERED WAT OF A RAVELIN. 

JJI of winch eight traverses may be distinguished in one frfont 
of fortification. 

Hie traverses, in their present form, having blocked up the 
olmlo of the covered way; it is necessaiy to make fiassages or 
oaAldinicatiOas round them, et a given distance. 
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Let 118 suppose this distance to be nearljf equal to die h wadth 
of one traverse. 


Mark die above dis¬ 
tance upon the crest 
of your glacis, in front 
of each of die retired 
traverses; and draw 
perpendiculars brom 
thence, of the same 
length, cutting into 
the glacis. 



From the extre¬ 
mities of these per¬ 
pendiculars draw lines 
towards the nearest 
reentering places of 
arms, parallel to the 
branches of the co¬ 
vered way. 



The perpendiculars 
and parallels last drawn 
constitute the pas¬ 
sages OP THE RE- 
tireo traverses 

OF THE COVERED 
WAY. Rub.out the su¬ 
perfluous parte of the 
original crest of your 
glacis, and the passages 
of the retired .traverses 
be complete. 
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'' The piiMges of the retired treverees are alwajs made io the 
above maimer. 

’ The |>assagcs of the advanced traverser are usually made in¬ 
dented. The manner of drawing them is as follows. 

Mark a certain distanoe upon the crest of the glacis, in front of 
each of your advanced traverses, and from thence draw jierpendicu- 
Ian or lines nearly perpendicular, cutting into the glacis, in order 
to show the Ineadth of your indented passages in front: 


And let these dis¬ 
tances and perpendi- 
caian be equal to 
those set off in front 

of the retired traverseiy 
« 

neciiy. 


Dnw right lines 
from die extremities 
of diese perpeodicu- 
lan,to the front of the 
passages of the tra- 
veiaes in rear of diem* 
Thif will the 

naar fbnn that must 
be pven to part of the 
deft of dm glscis* 
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Rub out those parts of the original ecrest of the glacis, that 
become imaginary lines; and the form of a covered WAT WITH 
INDENTED PASSAGES OF THE TRAVERSES Will be COIII|date. 

Sometimes, when the branches of the covered way of any w<m1c 
are very long, or much exposed to an enemy’s fire; there may be 
more than two traverses to each branch. Ill that case, the advanced 
traverse would be called the first traverse of any branch. 


For instance, if a long branch of the covered way bad three 
traverses; tiie advanced traverse would be called the first traverse, 
that iniinediately in rear of it would be called the second traverse, 
and the retired traverse Would be called the third traverse, of diat 
particular branch of the covered way. 


The glacis has ridges and furrows across it occasioned by its 
sloping and angular form. 

There is a ridge in front of every salient bogle of the crest of the 
glacis; and there is a furrow in front of every reenteriuR aUKle 
of it. 


Draw THE RIDGES 
AND FURROWS OF 
TUB GLACIS, by join¬ 
ing the opposite angles 
of the crest and foot of 
it. 
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tt 

It BiNr Qoljr remuns to draw the tenail». 

Produce the faces of 
die two demibastions, 
of each firoDt, till they 
meet in a reentmi^ 
angle before the cur¬ 
tain. These produced 
Itoee will form a part 
of jour original lines 
of defence, 'fbej will 
also form the feces of 
jour tenails. 

In tome of tkefoUowingJigureSf which relate solely to the tenail; 
the ravelin, ditches^ covered way, and glacis are omitted for the 
take of xUarness. It ts to be observed that the tenails are usually 
drawn immediately after the body of the place of a regular for- 
treu is ftnished. In the book, the conshucttou of this work has 
been commenced last of all, otherwise tnany of the Jigures would 
htm appeared complicated. 

Draw*, to each of your 
tenails, a small curtain, 
paralld to the curtains of 
. the body of the place, at 
EgfeendklaiieB* 

i 

s 

• 

Rlih out the MperAaoHS 
parts of yoor laes of de- 
limca. 
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Make die breadth of the 
tenails equal to a given 
Stance, for instance, let it 
be equal to one half of the 
breadth of the main <htch ;• 
and draw parallels to the 
faces and curt^ of each 
tenail,atthe idiove distance, 
in order to show the reverse 
of this work. 




fVhen the learners are drawing When tkeg are one 

a Italf hexagon: front ohfy; 


The plan of a regular half The plan of one iitmt of a 
hexagon, having tenails, rave- regular hexagon, supposed to 
tins, ditches, a covered way have tenaib> ravdini^ ditcfaet,. a 
with traverses, and a glacis, is covered way widi tra v a ia a ri ^and 
BOW complete. a f^is, is now complala. 
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By the same method, you may easily draw the plan of a regular 
|»eiitag<M[i, heptagon, octagoo, or auy other kind of polygon. 

% • 
Indented passages of the advanced traverses, such as aic repre* 

seated in your present figuie, are the most approved. 

Sometimes howe\er the passages of these traverses have been 
made rectangular. 

Rub out the passages of your advanced traverses, and restore 
die crest of the glacis to its original form. 

Setting eff upon the crest of the glacis a given distance in front 
and rear of each advanced tra\erse, const! uct a rectangle cutting 
into the glacb, to diow the form of the rectangular passage. 


Rub out those parts 
of the crest of the 
which will be> 
come saperfluous af¬ 
ter these passages are 
drawn. 



The form of a woih, hawng a covered way with BECTAiiotJ- 
X.AB PASSAOEi OP THE TBAVEESBS, is HOW complete. 


RBMABKS. 


It wii bofbw obmwmii ^ « drawing the plan of a re. 
gulm fmtmh it «• »*ma to rub out any of the imaginaiy 
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lines, which are useful in the construction, until the whcile of the 
outline is tinished in pencil; although in tiiis book a different 
practice has been followed, for the sake of rendering the figures 
more simple, and tlie directions more clear. 

In penning a finished plan with ink, the master line or scarp , 
line of the body of the place must be made a tliick line. 

The faces of the ravelins, the crest of the glacis, and the crests 
of the traverses, must also be made thick lines. 

The rest of the lines must be made tliin. 


FURTHER EXPLANATION 

OF THE NATURE OF COUNTERFORTS AND TRAVERSES. 


From the figures which you have already drawn, the form and 
nature of the various parts of a regular fortress, at leastofaucb as 
have been taken into consideration, may appear sufficiently clear; 
with the exception of the counterforts of the revetments, and the 
traverses of the covered way. These require some further expla¬ 
nation. 


You have already drawn the section of a rev^ment with 
counterforts. Hie plan only is wanting to give a jurt notion of 
them. " 


Draw two lines parallel to each other at a certain distance, to 
represent the foundation plan of any part of the levetmeBts of a 
fortrcN. • 



74 


ELEMENTARY FORTEPICATION. chap. it. 


Let the upper line re- 
lurewnt the Acwt, while the 
Hnder line represents die 
back of the revetment; the 
libtaDce betM'een the two, 
af course showii^ the thick- 
■ess of the wall at bottom. 

In rear of the rcvet- 
aent, and touching the 
back of it, draw a rectan¬ 
gle to represent a counter¬ 
fort, making, as is usually 
akme, the depth of the 
counterfort greater than 
its breadth. ' 

lUib out that part of the 
back of the revetment, 
which will become super- 
iaoba after the countorfort 
is drawn. 


The form of one coun¬ 
terfort b now complete. 
You will next proceed to 

I 

dbaw more counterforts 




exactly simdar and equal to it, at a given distance from each other. 
Fmr instance, let their distance apart, measured in the clear, be 
douide the breadth of one counterfort. 


The foundation plan of a xevetment with bectangular 
COCNTXBFOBTS is ilow complete. In building the fortress, after 
foe foiiodattOBt eta l^out according to the above plan^ the front 
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of the revetment has a slope, but the counterforts and the back of 
the revetment are raised perpendicularly. 

Counterforts are not always rectangular, sometimes they are 
made in the form of trapezoids, wider in liront than in rear. These 
are called diminished counterforts. 

Rub out your rectan¬ 
gular counterforts, and 
dtaw a new set of coun- 
tei forts equal in number to 
the former, but wider in 
front than in rear. 

Your figure now represents the foundation plan of a sbyet- 

MENT W'lTH DIMINISHED COUNTERFORTS. 

The rear of a counterfort is generally called the tail of it; 
whilst that part of it, which joins to the revetment, is called the 
root. 

Diminished counterforts have been more often used than ree* 
tangular ones. 

I shall next explain to )ou more particularly the nature of the 
tiaverses of the co\ered way. 

It was before mentioned, that the traverses of the covert way 
are small parapets extending across it, of the same he^ht as the 
crest of the glacis nearly. We shall now proceed to draw a section 
of one of them. 

I** 

Draw a right line to represent the general level of the covered 
way. 

Raise « perpendicular from thence to show the height of the 
pvapet off the traverse: mark a point in rear of it to tlioir the 


innnnr 
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of 5ic bsse of die interior slope; and draw the interior 
dbpe of the parapet of the traverse. 



Draw a horizontal line outwards to represent the thickness of 
the parapet at top: and drop a perpendicular to show its dip. 



Draw the superior slope of the parapet; and produce die last 
■i tt i t i o De d perpendicular downwards, till it meets the ground line. 



This produced part represer 
ra ihe traverse: make the base 
■ad draw the esterior slope. 

_./T^ 

Its the height of the exterior slope 
i of this slope equal to its height; 

X 

Drirar a baiM|iiette oi 
IbHrmie; showkigtbe 

••“I*- 

Fdieiisiia] 
tread of 

1 form in rear of the parapet of the 
the banquette; its height, and its 

_ 


tlw aacdoo of yoiir traverse Is how fioisfaed. It cons-'sts, as was 
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before mentioned^ of a simple parapet nlued above die general 
level of the covered way, with a banquette in rear of it 

'fhe salient places of arms being the most advanced, and con¬ 
sequently the most exposed, parts of the covered ,way; an enemy 
usually attacks them first. The parapets of the traverses are there¬ 
fore so constructed, that the fire of troops posted on the ban¬ 
quettes behind them must always be directed towards die salient 
places of arms. 

Sometimes there is a row of palisades, placed on die banquettes 
of the traverses, exactly like the palisades of the covered way. 

Rub out the superfluous lines in the parapet and banquette of 
your traverse: 



And draw a palisade on the front of the banquette, to 
the form of the palisades of the traverses. 



Sometimes also there are gates to shut up die passages of 
the traverses, in order to prevent an caiemy, who has taken 
any of the salient places of arms, fiom being able to pene¬ 
trate through these passages, into die rauauiing parts of 
covered way. ' " 

These*ptes are called tre BARRIERS of the teaversss. 
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CHAP. V. 

CONSTRl CnON OF THE OUTUNE OF A REGULAR OC¬ 
TAGON, FORTIFIED ACCORDING TO VAUBAN’S FIRST 
SYSTEM. 


PRELI.\nNARY REMARKS. 

Hiere are various SN'stems of fortiAcation, which have been 
invested and proposed by diflTerent Engineers from time to time; 
and the same Engineer has sometimes laid down two or three 
different systems. 

In the construction of a regular octagon, which is now about 
to be explained, and in such of the following constructions as 
rdate to the attack of places, the Hrst system of Vauban has been 
chosen in preference to any other, for the following reasons. 

< in the Arst pbce; on account of the simplicity of its construe- 
two, which renders it most suitable for an elementary work. 

Secondly; it is a system which has been much followed in 
practice, and although improvements in fortification have subse¬ 
quently been made; yet there are few fortresses to be found, 
unless favoured with extraordinary advantages by nature, which 
are actually much stronger, tlian a place fortiAed according to this 
tjutem would be* 

> Thirdly; it is to be observ^; ffiat the same general principles, 
upon whith the attack of a fortress built according to this system 
ought to be conducted, will also hold good in besieging fortresses 
constructed according U> mj other fystem* ^ 
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. Consequently, iu studying fortification, if a learner makes himself 
thoroughly master of this system, he will afterwards find it a i^ery 
easy task to understand any other system of foitification, that he 
may meet with in plans or books, altiiough it may be of a much 
more complicated nature. 

For the above reasons, until you perfectly understand this 
system, and the attack of it; it is much-better not to attempt to 
study any otiier. 

Having made these prclimiuaiy remarks, we shall now com¬ 
mence our construction. 


CONSTRUCTION OF A REGULAR OCTAGON, Ac. 

The construction herein laid down applies to Plate I. of this 
volume ; which is however done on rather a smaller scale, than 
would be proper for a Learner to commence zpith. 

The Teachevy after every individual direction contained in the 
following paragraphs, ought to examine the performances of the 
Learners, before he allows them to proceed further. 

Their drawings, when Jinished, ought to be exactly similar to 
Plate 1., excepting only the above-mentioned d^erence in the 
scale. 

In studying this work without the assl^ance <f a teacher, the 
progressive steps in the construction * <f Plate I, will easily be 
understood, by referring to the figures annexed to the last c^tpter, 
in which a hexagon was chosen as beir^ a simpler figure than an 
octagon i but the same rules, generally speaking, apply lo both. 
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Tke'cotatruction of Plate L also applies to a part of the smlh 
Od^uent plates of this work, and therefore the various direction 
have been numbered, for the sake of a more easy reference from 
one to the other, when required. 

1. Constructs rectangle for the margin or boundary of }our 
drawing, which must be eight and a half regular inches by fitteen. 

Take nohee, that in this and die following constructions, when¬ 
ever the term ** regular** is used in speaking of any dimension, it 
implies that the said dimension or nn'asiireineiit is not to be 
taken from the scale, according to which the plate may be drawn; 
but that it is to be full-sized standard English measure. 

When tlie term legular** n, not used in speaking of any dimen- 
non, it implies'that it is to be measuud from the scale. 

2. *11ie next tiling necessary is to draw the scale; which may 
either be done on some waste part of )onr papi i bidow the margin, 
that may afterwards be ctit off, oi on a separate piece of paper. 

When the plate is finished, a new scale will afterwards be con¬ 
structed within the margin. 

Hie scale foi your present plate must be one hundred yards to 
an inch. It is constructed as follows. 

Draw a right line six regulai inches long, and di\ide it into six 
equal parts. 

Subdivide the first or left hand div ision into ten equal parts: 
and make the middle subdivision more conspicuous dian the 
others. 

Each of your laige di^ons will then represent 100 yards, 
i^ft each of the subdivuions at the left of your scale will repre¬ 
sent 10 yards. 

You will therefore place the number 100 under the left extremity 
of your scale; under the middle subdivision place the number 50; 
attheend of die firstdtviabn write the figuie 0; and from thence 
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under each of the remaining large divUions write successively the 
numbers lOO, 200, 300, 400, and 300. 

a 

3. Let one of the long sides of your roargm be the bottom line 

of your drawing. Bisect it; and from the middle of it, as a 
center, with a radius of 502 yards, describe a semicircle* ^ 

4. Divide the circumference of your semicircle into four equal 
parts, and maik tiiein by points. 

5. Bisect eaih of tiuse disisiom, and mark four new points on 
the circumference for tins purpose. 

G. Connect these four last niaiked points by right lines, which 
wil! form three sides of artuuiar octagon, each of which will be 
384 yajds long. 

If the polygon, proposed to he fortified, were less or greater 
than an octagon, in that ca'c t oiiiuiler or greater radius than the 
above would he neccssai\, n) oid<T to obtain an exterior side of 
.384 yards; tins in all casis been conridered a good propor¬ 

tion for the h'liglh of lilt esteiior sides of a regular fortress.*^ * , 

7. From the first points* inniked on the circumference, draw 
radii or rigiit lines diricted lowa-tls the center, lliese will bisect 
die sides of your polygt.ti; and consequently upon diese, the per- 
pendieulars of your foitress must be set ofiT. 


* This is equal to 180 french toises, the length adopted by Yauban for 
the exterior sulcs of his polygon. It may here be observed, that in order to 
obtain an exterior side of 384 yards precisely, for a regular octagon, *lhc 
radius should not be exactly 502 yar^, as sh^ in paragraph 3d, but a 
small (raciion^less. The difference bowovto isiao trii^g, tint it was not 
Worth while t(\ notice it in practice. 

▼OL. II. 
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8. IfesMire Ifec distancf, from the outer cxtrenuty of any of 
iheie railii, to the pimt nhere it b kiteraectcd by imc of the skies 
of your polygon, and set off an equal distance from each extremity 
of your diameter toWaadsthe center. 

9< Connect the two points, thus marked on your diameter, U» 
the Clearest extremities of the finished sides of your polygon, hy 
right liiKs. 

Eacli of tht'setwo last drawn hues will be exactly one half of 
the side of your polygon. 

Your present figure, therefore, consists of three sides or fronts 
of a regular octagon and of two half-sides of the same. Conse- 
^piendy it represents exactly one half of a regular octagon, wliidi 
is to be fortified. 

t 

10. Make* your perpendiculars each 04 yards long, which is 
equal to <me sixth of the extmor side. 

“V Ml * *'*• 

11. From the exterior angles of the polygon, draw the lines of 
defence intersectii^ each other at the foot of each (HTpendiculai. 

18. Make the faces of your bastions 110 yards long, which is 
equal to t wo sere JnsMof the exterior side nearly. 

13. the distance between the salient angle of any bastion, 
and tfaedioulderof an adjoining one, as a radius, and from eveiy 
salient uigle, as a center, make intersections upon those lines of 
defence which are drawn from die same point. 

Hiese intersections will g^e you the position of the angles of 

the flank of the three whole fionts of your figure. 

* 

14. Draiw die flanks of these three fionts. 

A 

15. Draw also their curtains. 
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The two half fronts at the extremities ot your figure rem^ to 
be finished; which cannot be done by (he above rule, as some of 
tlie points that ought to be used, fall without the semicircle. 

Tlie metliod of constructiDg them is as follows. 

]6. Draw the capitals of the right and left demtbasUons of your 
finished fronts. 

17 . Find the points, where the demigoiges of these dcniiba8« 
lions intersect their capitals, by producing the adjacent curtains. 

18. From these points of intersection, draw lines parallel to 
the half exterior sides, extending as far as the diameter. 

19 . Fi’om the same points, upon each of the last drawn lines, 
set off a distance equal to the length of a demigoige. 

•a 

This will give you the position of the angle of tl\e fiank of each 
of }oiir two half fronts. The length of their Dm^s was miu*ked 
before. 

20. You will therefore draw the flanks of fhcae two half fronts 
by joining Uie proper points. 

Tlie body of the place of your half octagon is now complete. 

* 

21. From the salient angle of every basfion, as a center, with 
radius of 32*yaids, describe arcs, outwards. 

22. Draw tangents to these arcs in the direction of the diouklers 
of the opposite bastions'. 

This will give you the form of the main cfitdi uid counterscarp 
of your tlwee whole fronts. 

The counterscarp at the exttremifies of yew half octagon will 
still remain unfinished, because the pomti necessaiy for the direc- 
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turn of tbe tangents, fall without the semicircle. The method of 
completing it is as follows. 

2$. Upon the perpendimlar of any of your finished fronts, 
measure the distance ft cm the point where it is intersected die 
exterior side to die reentering angle of the counterscarp: and set 
oft* an equal distance from each of the corresponding points, 
inw'ards, upon the perpendiculars of \oiir two half fronts. 

The two points thus tumid will be the reentering angles of the 
counterscarp of }Our half fronts, which reiii&in unfinished. 

24. Draw your two remaining tans* iits accoidhigly, directing 
them upon tliese points ; and the main diti ii of your lialf octagon 
will then be complete. 

25. From all Uie reentering angles of the couiitervcarp set «>!!' 
85 yards, outwards, upon the perpendiculars produced, m order to 
show the length of the capitals of 'the ravelins. 

26. Set oflF 11 yards upon the face of each bastion, measuring 
from the shoulder towards the salient angle. 

27* From the extremities of the capitals of } our ravelins, draw 
light lines in the direction of the lust maikcd points. 

These right lines will be the faces of voiii ravelins. 

28. From the reentering angle at the gorge of each i avclin, set 
oflf 24 yards, right and left, upou each demigorge. 

29* Join the points thus found by right lines, which will give 
you the break at the gorge of your ravelins. 

so. From the salient angle of every ravelin, as a center, with a 
radius of 21 yards 1 foot, describe arcs outwards, for the breadth 
of the ditches of the ravelioi.' 
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SI. To these arcs draw tangents, parallel to the faces of the 
ravelins. 

f 

lliis \iill complete the ditches of die ravelins, and the whole of 
the counterscarps of }our fortress. 

The faces of the tcriails are formed by the meeting of the two 
lines of defence in e\crv front. 

.02. Draw a small qiirtain to each tenail, parallel to that of the 
body of the place, at the distance of 32 yards. 

03. !Make yourtenails 17 }’ards wide throughout, and draw the 
reverse of each. 

34. Draw the extremities of your teiiails, parallel to the flanks 
of the body of the place, at the distance of 11 yards. 

3.5. At the distance of 10| yards, draw lines parallet to the 
counterscarp, to show the breadth of the covered way, and crest 
of tile glacis. " ^' 

s 

.3() On each side of the reentering angles of the crest of the 
glacis, set off 36 yards foi the demigorges of the reentering places 
of arms of the covered vv ay. i- 

37. Draw the faces of the reentering places of arms, making 
them each 40 yards long. 

» 

38. At the distance of 72 yards, draw lines parallel to all die 
faces of the covered way, which will give you the breadth of the 
glacis. 
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4 ^ 

59* Produce the faces of all the hastioiis and ravelins until 
thej cut the counterscarp. 

40. From the center of the circular pait of the counterscarp of 
an) of vour ravelins, nieasiirc the distance to citiiei of the arijoin- 

points, marked on the counterscarp of the same ravelin by one 
of its faces produced. 

And set off the same distance, in the same manner, upon the 
counterscarps of the tvro half ravelms at tlie right and left extre¬ 
mities of your figure. 

41. From tlie various points marked on vour counterscarp, draw 
perpendiculars across the covered way. 

Hiese perpendiculars will represent the front of vour advanced 
traverses. 

4$. From all fiie reentering angles of the covered way, draw 
perpendiculars )icrCH» it, for the back of the retired traverses. 

The advanced and retired traverses are not alw ay > madi* exactly 
of the same breadth or thickness. Let us suppose that they aie of 
unequal breadths. 

r 

4S. Make your retired traverses 6 yards broad; but make your 
advanced inverses only 4 yards broad; and draw' parallel lines at 
the above distance, to show their respective breadths. 

44. Ihe branches of die covered way of the ravelins roust have 
three traverses. You will therefore draw a central traverse 4 yards 
liroad, in each of them, exactly in the middle between the two 
former traverses of die same branch. 

,45. Set off 5| yards Upon die crest of the glacis, in front ot* 
your traverses, for die fareadth of the passages* 
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46. From all tliesc points, with a radius of 5 yards, descnbe arcs 
cutting into lltc glacis, lot tlietiepth of the passages of the traverses. 

All the passages of tlie traverses must be tangimts to the above 
arcs. 

47. Draw tangents parallel to the crest of the glacis for the 
passages of the retired tra\erses. 

48. Draw oblique tangents foi the passages of the remakiiDg 
traverses, vvliicli must be made indented. 

49 Pi oni the center of each small arc, draw a perpendicular 
to the tangent of tlic same arc. 

Tins being done, the whole of the covered way will be com* 
))loU. 

60. Draw the ridges and furrows of the glacis. 

o\ Pen your drawing, and let the body of tbe place, the front of 
th^ teiiail, the faces of the ravelins, the crest or back of each 
(lavirse, and the enst of the glacis, be all marked with thick 
lim s, making the rcmAiiiiiig lines thin. 

Observe also, that it is usual to pen with red mk, idl Uiose lines 
of u fuftiess wluch are supposed to be reveted; tbe above being 
the colour clioseu to denote masonry. For instance, in your 
present chaw mg, the whole of the outline might be so maiked, 
with (he exeeptiou of your glacis and travefse^ which ought to be 
penned black. 

52. Write in laigc letters the words OVtUNS of A begulae 
ocTAGov, m any comenient place, as tfiotkie of your diawiug. 

oi. Draw a new scale m any convenient place witfaui the 
margin, a^ near the bottom of it ; pen it, and wnte over it Saiie 
of 100 yards to an inch. 
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54. The margin is usual!) firaslied ^\ith double lineii; a second 
act of parallel lines beini; drasin a bttli uilhout the onwiual rec¬ 
tangle. In penning the inaiginy the outside lines arc made diickci 
than the inteiior rectangle 

Fiiiisli \our margins accordingly. 

55. In dianing plans of foitilication, dates and signatures are 
usually mserted neat tlic bottom of the margin, the foinier towards 
the left of the paper, the latUi on the right. 

Insert dates and signatures accoidiugly. 


CHAP. VL 

RElfARKS ON THE GENERAL PROHIX OF WORKS OF 
FORTIFICATION.—SBCTIONb OF .\ HEGILSR 10R1RL.SS 
CONSTRUCTED BY SCAIX. 

In a regular fortress, all those parts, which coriespond with 
each other m the plan, have the same general prohlc or sicUon 
nearly, throughout their whole extent. 

For mstance, as ftu as regards the body ol the plarc , a section, 
taken through one of the faces cw ftanks of any one bastion, w ill 
agree nearly in all its dimensions, with another section, taken 
through any pait of any other bastion of a tortress. A section, 
taken any where through anyone curtain, will also agree with a 
section of any other cuitani s and nioreovei, a section, taken 
through any part of the luwtions, will agree nearly with a section, 
taken through ai^ {Mrt of the curtauis, of the same fortress. 
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In like manner, * a section, taken tlirough any part of either 
of the laces of one ravelin, \iill agree nearly with any other 
section, taken through a pait of the face of any other ravelin, of 
the foi tress. 

It is to be observed, that the profile of the ravelins resembles 
tliat of tiie body of die place, in all its parts, but with this dif¬ 
ference, that the ravelins aie alwa 3 s made some feet lower than 
the bo<ly of the place. 

'Fhe main ditch is of the same depth nearly diroughoiit its 
whole extent; and the ditches of all the ravelins have the same 
section tlirougliout; their depth being generally, but not always, 
equal to Uiat of the main ditch. ^ 

The covered w'ay is every where of the same general height; 
and the crest of the glacis is also of the same height nearly, all 
round. 

Consequently not only the body of the place and ravelins, but 
also till ditches, toveied way and glacis, of a regular fortr^, have 
the same genet al proble throughout their whole extent; and sections 
taken through any part of them whatever, will nearly agree with 
each other, excepting only that, as far as regards the breadth of 
Uie main ditch and covered way, there will necessarily be a varia¬ 
tion, accotding to the part through which die section may be 
taken, these works being broader in some parts than in others, as 
was shown in the plan. 

It will havtf been clearly understood from what 1 have already 
said, that the various works of a regular fortress are nearly of the 

\ 
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height io all the corresponding parts. «Tlicir iieight, how- 
cvOTi although nearly, is not eser} wlieic exactly (lie same: hut 
the difference, sihich shall now be mentiuiuHl, is sery trilling. 

The faces of the bastions fail grathialK in height, each u av, 
^ 1 . * 
from the salient angle towards the angles of the slunihh'rs; 

the difference being usu lly about one loot, or one foot and a 

half. 

The flanks are of the same height as the shoulders or lowest 
part of the adjoining faces: aud the curtains arc equal in height 
to the flanks. 

The faces of the ravelins, like tliose of tic bastions, usually fall 
about one foot from the sal eiit angle towards their other extre¬ 
mities. 

And th.* glicis of the bastions is generally made about om foot 
high^ than diat of the ravelins. 

Thus as the difference^ of height in all die correspoiidiug parts, 
such as the body of the place, the ravelins, and glacis, dots not 
Uttially 8ii| whete exceed one foot and a half; tiu general piolile 
of a rt'gular fortress is so very nearly uiiifonn tliroughout its whole 
extent, that two sections of a very simple nature will be quite suf¬ 
ficient to explain it. 

I shall DOW proceed to teach you the method of constructing 
ffiese sections by scale. They may both be conveniently contained 
in the aame drawing, which will consequently consist of two 
^figures. 

The first figure will nearly agree in all its parts with the rough 
section whidi yon before drew, according to the direelioiib given in 
Chap. III. 
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FIGURE I. 

SECTION THROl'CJI 'rilE TACE OF A BASTION, MAIN 
DITC H, COVEKEI) WAY AND GLACIS. 

The draxiing xJiich the LearNcris non' directed to execute^xciU, 
xi'heu finished, he exacttj/ similur to Piute H., with this difference 
oniif, that the falter h done on rather a smaller scale, 

1. Draw a rcctuiigle for your margin, which may be twelve 
regular inches by t\\ent\-six. 

*1, Make a scale for your first figure, of twenty feet to an indli. 

It is constructed as follows. 

» 

Dniw a line fi\e regular inches and a half long: divide it into 
eleven equal parts: subdivide the first of these divisions into ten 
equal paits; and make the middle subdivision more conspicuous 
than the olheii*. 

Write the numbi'r 10 under the leftextremi^ of your scale; and 
• from thcucc under eacii large division place successively the 
figure 0, and the iitimbers, 10, CO, *10, 8lc. as far as 100. 

Draw the giound line of vour first figure, parallel to the 
top of your maigin, at the distance of about four regular inches 
and a quarter below it. 

4. At any convenient distance near the leR side of your margin, 
for instaiK'c at about two regular inches from it, mark a point on 
your ground liue; and from thence set ofl: 17 feet 6 inches for the 
base of die kitcrior slope of the rampart 
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Make the height of it al«o 17 feet 6 inches, and draw the inte¬ 
rior slope of your rampart. 

5. ^lake your terreplein S9 feet broad, and 18 feet high in front, 
and draw your terreplein. 

6. Make your paiapet 7 feet 6 inches higher than llie front of 
die terreplein: set off for the base of its interior slope, 2 feet 6 
inches, whicii is one thiid of its heiglit; and draw the interior slope 
of your parapet. 

7- Make your parapet 18 feet tliick at top; give it a di|iMof .‘3 
feet finches, whicli is in the proportion of one lifUi nearly; and 
dkait the superior slope of the parapet. 

8. ‘Produce the dip of your parapet 1J feet downwards, in 
order to represent the height of tlie exterior slope : make the base 
of the exterior slope abo 13 feet, which is equal to its height; 
and draw the exterior slope of your parapet. 

9. Mark a point on the interior slope of the purajict, 4 feet 
4 inches below the crest of it, to show the level of the banquette. 
Make the banquette 4 feet broad: drop a perpendicular to 
show the height of it in rear: make the base of the slope of the 
banquette doi:blc its height; and draw the slope of your banquette. 

10. Produce the base of the exterior slope of your parapet 1 
foot outwards, which leaves a small berm; and drop a perpendi¬ 
cular of 31 feet, for the height of your scarp revetment. 

11. Make Ae base of Ae slope of Ac revetment, 5 feet 2 
inches, which b one jdxA of its height; and draw the slope of 
your scarp revetment. 



SECTIONS OF A REGULAR FORTRESS. ' 95 


12. Set off an offset of 1 foot: make 3 four foundatioD 0 feet 
deep: make j^our revetment 7 feet 8 inches thick at top; and draw 
the foundation and tlie back of your scarp revetment. 

% 

13. Draw a counterfort behind your scarp revetment 10 feet 
long; and of the same height as tlie revetment. 

14. Make your cordon 1 foot liigh above the top of the revet¬ 
ment ; let it pr(»ject fi inches beyjnd tlie scarp line in a semi¬ 
circular form; and draw the back of it at the distance of 2 feet 
(j iiK lies behind the scarp line. Consequently the total length of 
the cordon will be 3 feel. 

1.5. Set off i)() feet upon the ground line for the breadth of die 
main ditch, taking care to measure this distance from the 
scarp line, nut from the slope of the revetment; and recollect that 
this is t}it‘ fulc aK\a}S obseived, in fortification, in measuring the 
breadth of ditches. 

1 (). IVom the point tlius found, drop a perpendicular of 22 feet 
to sliow the licight of die revetment of your counterscarp, which is 
equal to the depth of die ditch ; and draw the bottom of die 
main ditch. 

This perpendicular will agire with die counterscarp line, in 
die oudine of the plau of a regular fortress. 

17 . Make die base of the slope of the coimterscarp revetment 
^ feet 8 inches, which is equal to one sixth of its Ih^ht; and 
draw die slope of your counterscarp revetment* 

15. Give the counterscarp revetment an offset of 1 foot: idake 
the foundation of it 3 feet deep: make it 3 feet 9 inches thick 
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•ttop: and draw the foundation and the back of }'our counterscarp 
imCment. 

19* Draw the countcifort of \(>ur ronntt^rscarp, uiakiiig it .i 
feet long, and I footlouer than tiic re\etinent. 

SO. Measure 3\ feet () inches upon the ground line for the 
breadth of the covered way : r'ise a perpciidicuiar of 9 feet for the 
height of the crest of the glacis; front the top of whicli mark 7 feet 
6 inches, downwards, for tlie bottom of the parapet of the covered 

way. 

We shall next proceed to draw- the ci^ping of the counts rs(‘arp, 
obafirvingpreviously that there will b(> u flight di^lorence btlweui 
this, and the rough section, which voii befou' do'w. 

In your former section the lop of your copiui; agiced with the 
ground line nearly; whereas in onr pie<*< nt bgine, we '•hail nuke 
the bottom of the coping agree with our gioutidiine: conse¬ 
quently the co\ercd way, which w«‘ are now about to draw, will 
be a little more elevated abose the natural lescloftin ground, 
than the covered way of our foiinei heclion w'a^ suppoM d to be. 

21. In rear of your counterscarp revefinent, set off G incliea 
upon the ground line, for the projection of the coping; and raise 
a perpendicular of 1 foot to show tiie iieight of it in rear. 

From die top of this perpeiuhcuiar, dtaw a right line to die 
bottom of the parapet of the coveted wav, in order to show the 
general level of die covered way, which has a gentle slope, us was 
before explained: and make your coping 3 feet long. 

22. Draw the interior slope of the parapet of your covered way, 
making the base of it 2 feet 6 inches, which is one third of its 
height. 

25. Draw the banquette of your covered way, making it 4 feet 
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4 iuches lower than the crest of the glacb ; and 5 feet snde, whk 
a slope of double its height. 

*24. Draw tlie palisade of the ewered way, placing the Irat of 
it rj inches behind the bottom of tlie parapet: let it be 0 indies 
tliick: make it pointed at top, and let it stand 6 inches higher than 
the ciest of the glacis. 

•15. Set olf feet uptm the gioiind line, for the breadth of the 
glacis; and draw tlie ^lope of your glacis, the base of which is to 
its height in the proportion of C4 to 1. . 

# * * 

riGURE II. 

.SITTIDN TIIROIKHI I'llK Cl RTAI\, TENAIL, RAVELIN, 
C(»\J5KED 4VAY, AND GLACIS. 

•IG, Draw a new giouud line, about ti\e regular inches and a 
quaiter, btlow Uiat of }Oui former tigure. 

• 27 . 'I’ll, sediou, wliuh \\c air now about to draw, being much 
longer than the last, inu<.t he done on a smaller scale, in order to 
bung It \MlImi the iiniifs of the same maigin. 

You Will diet I foie make a new scale of thirty feet to an inch to 
suit >our pie.seiit llgure. TIiIn is done as follows. 

Draw u lino five rogiilac iiirhes and two thirds in length : divide 
it into seventeen t ipial parts : subdivide the first of these divisions 
into ten iqual }>uits; and make the .middle subdivision more con¬ 
spicuous than the others. 

\N'rite the miinbcr 10 under tlie left extremity of your scale; 
and from thence under each large division place successively the 
figure 0, and the numbers 10, 20, 30, as far as I 6 O. 

28. Near the left side of your margin, for instance at about a 
quarter of a regular inch fiom it, set off Iff feet 6 inches on yow 
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ground line for tlie banc of the interior slope of the rampart. 
Make die height of it aUo 16 teet 6 inches, and drau the interior 
slope of jour rampart aicordiiigK. 

Draw }Our tcncpiein, making it 59 feet broad, and 17 f(H:t 
high in front. 

SO. Make jour parapet 7 ft'et G im hcs high; and draw its inte¬ 
nor slope, giiiiig it a base of 2 feet 0 inches, which is one third of 
the height. 

31. Make jour parapet 18 feet thick at top: gi\e it a dip of 3 
feet which is in the proportion of («ne sixth : and draw the exterior 
slope of it, making the base and the height each feet 0 niches. 

82. Draw the banquette, making it 4 feet 4 inches lower than 
the crest of die parapet; and 4 feet wide, with a slope of double 
its height. 

33. Draw a berm of 1 foot, and diop a perpendicular of 31 
feet, for the height of the scarp rcxctnieiit. 

54. Draw jour scarp revetment, making it 7 feet G inches thick 
at top; with a slope of 5 feet Q ii.rlns wliiih is one sixth of its 
height; an offset of 1 foot, and a fuuiidation > h et deep. 

35. Draw a counterfoit 10 fei t long, and of die same height as 
die scarp revetment. 

36. Draw a cordop 1 foot liigh abo\e the revetment, projecting 
6 inches m a seinicirculai fomi, and 3 feet long; including the 
projection. 

Ibe section or profile of the rampart of the curtain is now' com¬ 
plete, w'hioh is o^foot lowetifhasi that of the basfion, as rtpre- 
. seated in jour former figure, but is nearlj similar and equal to it in 
eveij other respect.' ' 
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37> Make tlie ditch between the curtain and tenail 45 feet 
broad; mark this distance 011 the ground line, in front of your 
scarp line, according to the lule before mentioned: drop a per¬ 
pendicular of v!2 fet^ for tlic foot of the gorge revetment of the 
tenail; and draw the bottom of the ditch. 

38. Upon the last drawn perpendicular, mark 9 feet below the 
ground line, for the top of the gorge revetment of your tenail, 
which will leave 13 feet for the height of it above the bottom of 
(he ditch. Make the goige revetment of your tenail 3 feet 3 
iiK'hes thick at top: give it a slope of 2 feet 2 indies, which is one 

sixtii of its height; an offset of 1 foot, and a foundation 3 feet deep. 

# 

39* Draw a counterfort to the gorge revetment of your tenail, 
making it 4 feet long, and 1 foot lower dian die revetment. 

40. Intersect your ground line by a perpendicular, at the dis¬ 
tance of 28 feci 6 inches, measured horizontally, in front of the 
gorge of >our tenail; upon which perpendicular mark a point 
1 foot 9 inches above the ground line, for the interior crest of the 
parapet of the tenail: and from this point, downwards, set off 7 
feet 6 niches, for the height of the said parapet. 

41. Produce the top of Uie goige revetment of your tenail 6 
inches backwards, to show the projection of a coping; and raise • 
perpendicular of 1 foot for the height of it. 

From the top of this peipendicular draw a right line to the bot¬ 
tom of the parapet of your tenail, in order to show the general 
level of the interior, or terrepleiii of the tenail: and i^e your 
copii^ 3 feet long. 

42. Draw the interior slope of die |mrapet of your tenai^ 
making the base of it 2 feet 6 inches, whidi is one third of die 
height. 

VOL. II. ■ 
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43. Make the parapet of your tenail 18 feet thick at top : give 

it a of feet 3 inches, which is in the proportion of one eighth; 

and make the base and height of its exterior slope each 3 feet 6 

laches. , 

» 

44. Draw tlie banquette of your tenail, making it 4 feet 4 
inches lower than die crest of the parapet, and 4 feet wide, with a 
slope of double its height. 

45. Set off a berm of 1 foot, and diop a perpendicular of 18 
feet for die height of the scarp revetment of your teuail. 

46. Make the scarp revetment 5 feet thick at top: give it a 
slope of 3 feet, which b one si\di of its height: give it an offset 
of 1 foot, and a foundation 3 feet deep; and diaw a couiiteifoit 
in rear of it, 5 feet 8 inches long, and of tlie same height us the 
revetment. 

47. Draw a cordon, 1 foot high above the revetment, pro¬ 
jecting 6 inches in a semicircular form, and 3 feet long, including 
die projection. 

48. Set off 165 feet upon the ground line for the breadth of the 
main ditch between the tenail and ravchii. 

Drop a perpendicular of feet, the font of wliich will show the 
bottom of die revetment at the gorge of the ravelin; and draw the 
bottom of the main ditch. 

49* Mark \ foot below the ground line, for the top of the 
goige revetment of your ravelin, the height of which will conse- 
queody be 21 feet. Make die said revetment 3 feet 9 inches thick 
at top; give it a slope of 3 feet 6 inches, which is one sixdi of its 
ht; Ml offset of 1 foot, and a foundation 3 feet deep. 

50. Draw a counterfort to the goi|;e revetment of your ravelin, 
making it 5 foet long, and 1 foot lower than the revetment. 
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51. Measure 7 o feet from the gorge of your ravelin, and raise 
a perpendicular of 1 foot (i inches, for the position of the bottom 
of the intciior slope of the rampait of your ravelin. 

5*1. Pioduce the top of the gorge revetment of your ravelin 6 
inches bark^^aids, to show tiie projection of a coping; and raise 
a perpendicniar of 1 foot for the height of it. 

v;:]. Fium the top of }our coping, which will agree with the 
ground line, diaw a light line to the top of your former perpendi¬ 
cular. lliis wdl hliuw the general le\cl of the interior of the 
iu\eiin, which has a gentle slope towaids the lear. 

Make }oui coping .'1 feet long. 

5 i. Set ofi’ 1U feet upon the ground line for the extent of the 
base of the inteiiur slope of the ravelin. From tliciice raise a 
perpendicular of i:) feet (> inches for the height of this slope above 
till level of the gionnd line; and draw the interior slope of the 
lanipart of the lavclin. 

It is to ht‘ observed, that the base and height of this slope, if this 
rule IS followed, will he exactly equal, each of them being 12 
feet; because the bottom of the slope, which was before marked, 
was 1 foot (i inches bigber than the ground line. 

55. Diuvv the terreplein of vour lavelin, making it SO feet 
btoad, and 14 feet higher than Uie ground line in front. 

5t). Make the parapet of your ravelin 7 feet 6 inches high: 
give it an interior slope of 2 feet 6 inches, which is one third of its 
height: make it 18 feet thick at top; with a dip of 3 feet 6 inches, 
which is ill tlie pioportion of one fifth nearly; and draw its exterior 
’lope, making Uie base and the height each 10 feet. 

11 2 
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S7* Draw the banquette of your ravelin, making it 4 feet 4 
ndMM lower than tfie crest of the parapet, and 4 feet Hide, with a 
slope of double its height. 

68. Draw a berm of 1 foot, and drop a perpendicular of 30 
feet, Ux the height of the scarp revetiiient of your ravelin. 

69. Make the scarp re\etment of \our ra\cliii 7 fiot thick at 
top; give it a slope of 6 feet, which is one sixth of the height 
give it an offset of 1 foot, and a foundation .) feet dot p; and draw 
a counterfort in rear of it, 9 feet 5 inchts long, and of the same 
height as tlie revetment. 

Draw a cordon 1 foot high aboie the revetment, piojittnig fi 
inches in a semicircular form, and 3 feet lung, iiu luding the pio- 
jection. 

0 

60. Set off G4 feet upon the ground line for the brcadtli of the 
ditch of the ravelin: drop a ]>er|>eiidicul.ii of feet, the foot of 
which will show the bottom of the rmiiiterscarp revetment; and 
draw the bottom of the ditch of Uie raveiiii. 

61. Mark 1 foot below the ground line for the top of the 
connterscarp revetment of your ravelin, the height of which wilt 
conseqnently be Cl feet. Make tlic said levctment 3 feet 9 inthes 
diick at top: give it a slope of 3 feet h inche*), whuh is one sixth 
of its height; an offset of 1 foot, and a foundation 3 feet deep. 

Draw a counterfort to the couiiteiscaip of your ravelin, making 
it 6 feet long, and 1 foot lower than the rtvetmeiiC. 

62. Set off S1 feet 6 inches on the ground line, for the breadth 
of the covered way of your lavelin; and raise a perfiendicular of 
8 feet for the height of the crest of tlie glacis; from the top of 
which mark 7 feet 6 inches, downwards, for the bottom of the 
iwrapet of the covered way. 
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63. Produce the top of the counterscarp revetment of your 
ravelin 6 inches backwards, to show the projection of a crying: 
and raise a perpendicular of I foot for the heij^t of it. 

64. From the top of this perpendicular, which will agree vnth 
die ground line, draw a right line to the bottom of the parapet of 
the covered way, in order to show the general level of the covered 
way of the ravelin: and make your coping 3 feet long. 

63. Draw the interior slope of the parapet of the covered way of 
your ravelin, giving it a base of 2 fc-et 6 inches, wluchisone 
diird of its height. 

66. Draw the banquette of the covered way of your ravelin, 
making it 4 feet 4 inches lower tiian the crest of the glacis: and 
3 feet broad : with a slope of double its height. 

6r. Diaw the palisade of the covered way of your ravelin, 
placing the front of it 6 inches from the bottom of the parapet: let 
it be (i inches thick: make it |Kmited at top; and let it stand 
6 inches higher tlian the crest of the glacis. 

6B. Tlieie is not quite room within die limits of your margin for 
the whole breadth of the glacis, which ought to be 216 feet. In 
Older to dnd the true proportion of the slope, you will therefore 
setoff 108 feet, w^hieh is exactly one half of die above distance; 
from thence raise* a perpendicular of 4 feet, which is onn half 
of the total height of the glacis of your ravelin; and draw a 
right line, from the crest of the glacis through the top of the above 
perpendicular, which you will produce as for as die margin will 
permit. 


This right line will represent the slope of die glacis of the 
ravelin, which is in the proportion of 27 feet to 1, and is therefore 



lOf . ELEMENTARY FORTIFICATION. cha». vi. 


ft little less steep than the »]ope of the glacis of die btstioiii which 
ttfts^ feet to I, as before mentioned. 

Most writers recommend that every part of the glacis should 
Inve exactly the same slope, which might easily have been done 
in the present instance, by reducing the base of the slope of the 
glacis of the ravelin from 21(j to feet; but this did not appear 
to me necessary, because the difTerencc between the two propor- 
dons above mentioned ts sery tiifling. 

It is to be observed, that tlicre arc ohjections against giving 
either too much or too little slope to a glacis; and that 04 feet to 
I is usually considered a good proportion. 

09 Pen your drawing; marking by red lines all those parts, 
which repiesent masonry or biickwork, such as the varmut revet¬ 
ments, counterforts, coidoiis, and copings. Do the reinaiiidei of it 
with Indian ink, dotting the ground line, and other imaginary lines, 
dtat were useful in the construction; and finisli tlie margin with 
double lines, in die usual manner. 

If you choose to colour your drawing, lay a moderately light 
shade of red over all the revetment^, cordons aud copings: lay a still 
lighter shade of the same colour over the count 4 ‘rforts; and over 
die remaitiin' parts, which represent earth and lubbish, lay a shade 
leseipbliDg the colour of sand* 

Sometimes tliis sliade is laid on sinooth to a regular distance 
'bfilow the ground line, and parallel to it, so as to comprehend all 
die lowest parts of the section. Sometimes it only extends a little 
below the general outline of the figure, following the form of it. 


The UtU-mnlurntd method of lapng on this colour ii thownin 
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Plate IL, %here it is represented by small dots, which is the mual 
mode of denottnj' sand or earth, in engraved plans and sections. 

In dra\\ing8 of foitification, l)ut more especially in section^ it 
IS oftei;^usual to virite dimensions opposite to each of the princi¬ 
pal parts represented, in ordei to save the trouble of measuring 
tliem from tlic scale. 

Whenever there are several points near each other, so that it 
might be doubtful to which of them tlie dimensions, written on 
a plan or section, are intended to apply; then, in order to prevent 
mistakes, the two partic ulai points, between which any written 
dimension has been measured, are denoted by small broad arrows, 
or marks resembling tlie Jt'ttei V , the angular points of the two 
marks biing placed outwards, at the extremities of the distance 
measured, in contiary directions, with tlicir angles or openh^ 
facing towards each other. 

When two written distances arc measuied fiom any ceirtral 
point, tluHi the extreme [loints are marked as above; but the central 
point has two marks joined together, to denote that dimensions are 
set off fioin it 111 two diffeient directions. 

The double maik, thus formed by the meeting of two broad 
arrows on the same point, lesembles die letter X. 

Havii^ made this remark, we shall now proceed to write down 
or mark the principal dimensions in F^. 1. 

70. First, as far as regards lei^ths: mark, upon yoiu* ground 
line, the base of the interior slope of die rampart; die breadth of 
the terreplein, and the breadth of the glacis. 


71. Maik near the top of each, die thickness at top of your 



104 ELEMENTARY FORTIFICATION, chap. vi. 


•carp and counterscarp revetments^ and the length of thAr re8{)ective 
counterforts. 

Mark also the base of the slope of each of the above revet¬ 
ments. 

n 

72. From the crest of the parapet ^oii have already drawn a 
horizontal line outwards. Produce it until it meets a perpendicular, 
raised from the crest of the glacis. 

Produce also the scarp line, and counterscarp line upwards, until 
they meet the above horizontal line: and dot the whole of these 
new lines. 

73. Then mark the following dimensions on your horizontal line, 
namely: 

Hie thickness of your parapet at top ; 

Hie total extent of the base of the exterior slope and of the 
berm added tc^ether, which is 14 feet; 

Hie breadth of the main ditch; 

And lastly the breadth of the covered wav. 


On examining your section attenlivel), vou will observe, that 
the above distances, namely, the thickness at top of the parapet; 
the base of its exterior slope and be.>i; the breadlli of tlie main 
ditch and that of the covered way; could not be niaiked in any 
way without creating confusion, unless by transferring them to a 
horizontal line drawm for the purpose, as above directed, in a place 
which does not interfere with the tigure. 

74. You will next mark the following heights, namely; 

The height of the interior slope of the rampart; the total height 
of the parapet above the ground line; the height of the exterior 
ilope of the parapet; and the dip of the parapet. 
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76. Marif also the perpendicular height of the scarp and coun¬ 
terscarp revetments, above the level of the bottom of the ditch| 
without including the cordon or coping. 

Mark the depth of the foundation of these revetments: 
and tlie heigiit of the crest of the glacis above die ground line. 

77 • Lastly mark the height from the crest of theglacuto the 
horizontal line, which was drawn from the crest of the parapet 
outwards. 

This dimension, which is 16 feet 6 inches, will show the di^ 
fercnce of level between the body of the place and the crest of 
the glacis. 

All your principal dimensions are now marked, nothing being 
omitted but the details of the interior slope of your parapets, your 
banquettes, cordon, coping and palisade ; the whole of which gre 
very simple : and as they occur in almost every section, and are 
nearly the same in all, you ought to know and keep in mind the 
dimensions whicii are most suitable for them. 

It may here be remarked, that it is common, in sections, in any 
convenient place not likely to interfere with the dgiire, to draw a 
dotted vertical line, to which the height of various parts may be 
transferred and their dimensions marked, for the sake of clearness; m 
the same manner as some of our dis&inces in this figure were 
transferred to a dottcil horizontal line. 

A vertical line, thus used, becomes a scale of heights, the nature 
of which, and the method of transferring heights to it from ai^ 
part of a figure, were fully explained in the first volume, in treating 
of the Principles of Plan Drawing. 
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Ik has not been judged necessary to use a scale of heights in our 
pleaent %ure, as the principal dimensions can be mailed in a 
manner sufficiently clear without il^ but you may often obsenc 
k m sections, that you are likely to meet with hereafter. 

78. In Fig. 2, you will mark the following dimensions only, 
all measured from die ground line upwards, which will seive to 
eiplaio the relative heights of the principal works, namely : 

The Iwight of the interior crest of the parapet of Uie curtain ; 
as of that of the raveUn; and lastly the height of tlie crest ol 
die glacis of the ravelin. 

79. Over your first section write, in a conspicuous manner, the 
wends. Fig. 1. Seciioit through the face o/ a Bastionf Main 
Ditch, Covered Wai/ and (ilacis. And under this section, in any 
coBfenient place, insert the scale properly finished, writing abo\r 
it, io a^all letters, Scale for Fig. 1, of <10 feet to an inch. 

80. Over your’^^ond section, write, in a conspicuous manner, 
die words. Fig. 2. Section through the Curtain, Tenail, liaiclin, 
^c. And under tliis section, in any convenient place, insert tlic 
scale, writing above it, in small letters, Scale for Fig. 2, of 30 
feet to an inch. 

It is to be observed, that the sections you have jtist drawn, arc 
not token in one uniform direction throughout, Uiat U to say they 
an not token according to any continued right lines drawn from 
Ibe interior of the fortress to the foot of the glacis; but according 
" Io a line which is supposed to change its direction, from time to 
rime, in such a manner, that the section shall always cut perpen¬ 
dicularly across wich part of the fortress, which it is intended te 

nprasent. 
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The reason, that sections must always be taken perpendicularly, 
was explained in tiiat part of tlie first volume, which treats of the 
Principles of Plan Drawing : but on inspecting the plan of a regular 
foitiess, you w'lll perceive at once, tliat no continued right line can 
possibi} rut all the various woiks pcrpcndiculariy. 

For instance, if vou draw a nght line perpemlicularly throu^ a 
curtain any where near the middle of it, it will also cut the curtain 
of the teiiail and the break at the gorge of the ravelin perpasdi- 
ciilail), because all these works are parallel to each other; but if 
yon produce the same line further towards the country without 
< lunging Its direction, it must necessarily cut obliquely through die 
lavelin, ^c. because the lace of the ravchu is oblique to the cur¬ 
tain. 

Tin diawing, which >ou have now finished, contains the two 
principal and most useful sections of a regular fortress; and if you 
pa\ proper attention to these sections, and to the outline of the 
half octagon, which von before drew, vou cannot fail to have a 
good idea of the general nature of a fortified place. 

In Older to give vou a complete notion of the whole, it only 
remains to explain the natuic of some particular parts in detail, 
such as the giU s, ijndge'<, 8lc. 

These details, when considered separately, will prove to be of 
a very simple nature: but before we proceed to notice them, J 
shall add a few more remaiks upon the profile. 


ADDITIONAL REMARKS. 


Fioiii die pieliminary remarks at the beginning of this chapter, it 
will have been undci stood, that the term "general profile” implies more 
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^specially the consideration of the relative heights of the various 
works, and of die relative depths of the various ditches, of a for¬ 
tress* ’IHie same thing is often expressed by the word relief. 

Since the general profile or relief of works may 
vaiy considerably, without any difference in thcii plan; any for¬ 
tress, which has higher ramparts and revetments ami deeper ditcbe.H 
dian another, is said to have a stronger or bolder profile, oi in 
other woitls a bolder or greater relief, than die other. 

In like manner, when considered individual!), a work is said 
TO HAVE MORE OR LESS RELIEF in proportion to its height. 

In fm-tification, when any work is raised higher than another, it 
is said TO COMMAND it, Of to have a command u\er it. 

V 

For instance in oiir first figure, the parapet of the bastion it 
85 feet 6 inches higb^ than the grmind line; whilst the crest of 
the glacis is only 9 feet higher than die same level. 

Consequently the face of the bastion, dirough which the section 
is taken, would be said to have a command of 25 feet 6 inches 
over the country, and a command of feet 6 inches over the 
crest of the glacis. 

In the second figure, the curtain is elevated 24 feet 5 inches 
above the ground line, whilst the ravelin is elevated only 21 
feet 6 inches, and the crest of the glacis of die ravelin 8 feet, 

above the same level. 

» 

Consequently if these various heights are compared together, 
the bastion will be 1 foot higher than the curtain : it will have a 
gonunaiici of 4 feet over the ravelin, and of 17 feet 6 inches over 
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the glacis of the ravelin > which n one foot more comniaiid, than 
it has over its own glacis. 

'Flic curtain has a command of 3 feet over the ravelin, of 15 
feet a inches over the glacis of the bastion, and of lt> feet 6 inches 
over the glacis of the ravelin. 

The ravelin has a command of 13 feet 6 inches over its own 
glacis, blit of 1C feet 6 inches only, over the glacis of the baa* 
tioii. 

TIh' b(Mly of the place is always made higher than the ravelins, 
and the ravelins higher than tlie glacis, in every regular fortifica¬ 
tion. Ill shoii, as a general rule, it may be observed, that those 
pait<> of a fortress, which are nearest to the center of the place, 
should iiivuiiubly be higher or more commanding, than such other 
parts of it, as are more advanced towards the country. 

The reason is, that both cannon and rousquetry, in alnuMt all 
cases, act w itli greater effect, wlien fired downwards from a com¬ 
manding work, tliaii when directed from any low situation, up¬ 
wards, against a higher one; and as an enemy, in attacking a 
forties®, must necessarily take the most advanced w'orks first, it 
has theiefore been judged best to make them the lowest. 

Consequently when a besieging army have taken the glacis 
and covered vva}, they find themselves e.vposed to a more com¬ 
manding flic fioin the ravelins and bastions; and after they have 
taken the ravelins or other outworks, they are then exposed to a 
commanding fire from tlic body of the place. 

The general rule, in respect to the command of works, which 
has just been given, does not apply to the tenail. This w'ork, 

H 7 
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aUhough nearer to the center of the place than tiie ravelin, is made 
much lower tliau tlie latter. It is even sonietinios made lower tliaii 
the glacis, but not always : the more usual practice being to ron- 
atract it of die same hei^t ns the crest of the glacis iieaily. 

• 

The reason that the tenail forms an exception to the above 
rule is, that this work is intended chiefly as a screen to cover a 
part of the revetments of die body of the place, and {laiticularly 
those of the curtain; which is a matter of importance, on account 
of the gates or sallyports that are usually placed there. 

This being the case, the tenail is always kept as low as pos¬ 
sible, consistendy with the above object, iii order that those puiU 
of the body of the place, which are bcliiml it, but luuie especially 
the flanks, may be able to dre over it with good efltct. 

In the sections, which you have just drawn, the tenail is made 
lower than the common practice; but both die body of the phu e 
and the ravelins have a greater command ovci the glads mid 
covered way, than is usually given by the must approved wliters 
on Foruficadon, 

My reasons, for departing from die coiiinion dniiensious, and 
adopting a bolder relief, as being much stronger, * shall be ex¬ 
plained hereafter. 
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OF THE CUMMl NICTATIONS BETWEEN THE VARIOUS 
P4IITS OF A FORTRESS. —THE NATURE OF RAMPS, 
(JATES, SALLYPORTS, RRinOES, DRAWBRIDGES, OAPO- 
MI:RS. ST41Kl’4SES OF COMMUNICATION, BARRIERS, 
BATMIDEAl S, AND (TNIHTES, EXPLAINED.—GENERAL 
REMARKS ON DR\ AND WET DITCHES. 


I shall now explain to \oii those details respecting ■ regular fear- 
tress, befoie alluded to, \Hnch could not have been introduced in 
t> eating of the general plan or profile, without the risk of creatii^ 
confusion. 

Tlie ramparts of a regular fortress being raised much higher 
than Uk natural le\el of the ground, and the interior slope being 
too sleep for men to march upon; it is necessarj to have sloping 
loads made at sarioiis parts, in order to afford a convenient ascent 
for troops and guns. 

In Fortification, any road of this kind rising in an inclined plane 
is called a ramp, 

^riie body of the place communicates with the outworks and 
coscred xvay by means of gates and bridges* 

The GATES OF THE fiODY OP THE PLAGE, which in a fortified 
city are called the town gates, are usually placed in the middle 
•f the curtains, and they are arched over in a substantial maimer. 
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Hie CATES OT ouTEoKKs SIC sUo usiuslly irched o\rr, except 

I • 

ulien the work is very low. In that case tlie} ma^ be left o)>en at 
top. 

Guard rooms arc generalh built close to all the gates of the 
bodyof the place ; aud near ever> other gate of inifioitance. 

laiiaU now show ,>outhe manner, in %\hu'h tiil dkidcsES oi « 
FORTIFIED PLACE are usually representetl, in a plan. 

]>raw a front of fortification ^«lth a 
ravelii) before it. 

Mark* two points near the center 
c£ die GurUun, and equally distant 
from it, to represent the position of 

^ gate. 

From these points, draw tv\o jier- 
pendiculars, extending fium the cur¬ 
tain to the gorge of the ravelin. 



Hieae two last drawn lines wiU represent the sides of the bridge. 

In each of the bridges of a fortress, there is usually a draw¬ 
bridge; that is to say, a part movmg upon pivots, which can be 
drawn up or let down at will. When it is drawn up, the commu¬ 
nication is stopped. 

Tbi draw bridge is always placed close to the gate. 

Mark off a small portion of the 
Inidge, in the form of a square nearly, 
by drawing a line perpendicalarly 
ncroM it, near the curtain. 
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The square portion of the bridge* thus marked off, is to repre¬ 
sent die drawbridge. The remainder of it, no part of which is 
moveable, is called the stanuing part of the bridge. 

The diawbtidges of a fortress aie always pf wood; ai^ the 
standing paits are also usually formed of wood. A outnber of small 
perpendiculdis are dieiefore drawn across the standing part of the 
budge, to deoote that it is covered with planks. 

Diaw small perpendiculars accord¬ 
ingly. 



Two diagonals are usually drawn across that part of the %ttre, 
w'hich ii> to represiiit the drawbridge; and this part is made nar¬ 
rower than the rest of the bridge. 


Rub out the two sides of your drawbndge; and make it a litde 
narrower. 


Then diaw diagonals connecting 
the ojiposite angles of it. 



The bridge and diaw bridge are now complete, according to the 
manner in wliidi tlu^ arc usually represented, in plans of fortifi¬ 
cation drawn on a small scale. 


When plans are drawn on a laiger scale, it is usual to draw 
double lines on each side of the bridge, in order to represent die 
width of the railing; and the ends of piers or beams, projecting 
beyond the sides of the bridge at certam interval^ are also some¬ 
times represented by small rectangles. 

VOL. II, I 
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When any bridge of a fortress is veiy long, it may sonietiineK 

have two drawbridges instead of one. They arc of course placed 

at some distance from each other; but one of Uietn is always close 

to the gate, as was before observed. 

« 

The tenail has been left out in our present 6gure, for the sale of 
clearness; but if there were a work of this kind in front of the 
ciirtain, there would then be two bridges lequired in place of one; 
^ ftrst bridge to extend from the curtain to the tenail; the second 
from the tenail to the ravelin 

The gate of the ravelin is made in one of the faces, usually 
about the cen^ of the face, from whence tliore is a direct com- 
nmnicarion to the covered way, by a bridge witli a drawbritige 
fimilar to that of llie body of the place.* 

The principal gates of a ftMtress, w ith the bridges leading from 
them towards the country, are made spacious and convenient for 
die passage of carriages; but even in a very large fortress, if the 
ijhches are dry', there are not usually above two or three great 
communications of this nature. 

In the remaining fronts, there arc smaller gateways iiittiided for 
infanby only, which lead by a sloping descent down to the bottom 
of the dry ditch. 

These are called postebns or sallyports. 

In those fronts, where there are no bridges, you ascend from die 
dry dkeh into the outworks and covered way, by means of stair¬ 
cases op communication. 

* Smnedmes the oomnunicatiOa is made near the inward extremity of 
the face of the tavehn; and this method may, in somo mpects, bo eon- 
ddsrsd prefipable to the former. 
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There is usually, for instance, a staircase in the revarse of the 
teuail; also in Uic goi|;e of die ravelin. 

I'he staircases for ascending into the covered way are placed, one 
at each of the salients, and one at each of the reentering aisles, of 
die counterscarp. 

Conscqufiitly every salient and every reenterii^ place of arms 
has its staircase. 

Tlie«>e staircases are usually made double, that is to say with two 
flights of steps, one branching to the right and the otlier to the left^ 

f 

We shall now proceed to draw some staircases, in the manner in 
svhicli they are represented, in plans done on a small scale. 

Rub out your front of fortification, as also 
tlie budge aud drawbridge, represented in 
>(>ur figure, leainng only the ravelin, in rear 
()1 which draw a tenad. 



Draw a double staircase in rear of .the 
tenail. Draw also a double staircase in the 
middle of the gorge of your ravelin. 



When the fortress has dry ditches, there are usually works called 
CAPONIERS, in each front where there fuc no bridges. 


A caponier consists of a direct road or. communicatkm across 
the ditch, with parapets qn each side to cover it, wdiich are, of 
course, raised higher than the general level of the dttdi. These 

1 « 
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ptnipets ire like that of the covered way, for they slope off out- 
Wrds to the right and left, until they sink gradually down to the 
level of the bottom of the ditch; so that each of them forms a 
ttDhD glacis. 

Draw two perpendiculars from the middle 
of your tenail towards the gorge of tlie ra%eiin, 
at a certain distance from each otlicr, in 
order to repre&ntthe crests of the two oppo¬ 
site parapets of die caponier. 



Parallel to the last drawn lines, dtaw tno 
new lines outwards, to the right and left, to 
show the extent of the two* small glacis of 
your caponier. 



The parapets and glacis dl a capmiihr are not usually continued 
qmte close to tlie tenail and ravcrtii, but more runimouiy terminate 
at a sufficient distance from each, in oider to alford convemcnl com- 
mmiications nidi the other parts of die main ditch. 

Draw lines across the glacis of your capo¬ 
nier, parallel to the curtain of die tenail and 
goige of the ravelin, in order to show the 
breadth of the said communicadons, and at 
^aame time to lepresent the proper extre- 
mides of youi caponier. 

SoniedMitfae caponier commnnieateB with the main ditch at 
one extremis only; namelyi that which is most advanced towards 
die coitntiy. 


/ 


□ U. 
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Gateway! or 8alI}|K)rta, covered at top, are usually dotted in the 
plan of a HOik, and when they are arched, dotted diagonals are 
also sometimes drawn to connect the opposite angles of their 
extremities. 


Represent, by dotted lines and diagonals, 
an arched sallyport under )our ttnjil 



In )our present figure, the various communications used in a 
di\ ditch arc now represented. There is a sallyport under the 
tenail, a caponier across the ditch between the teniul and ravelin; 
c oniniunications to the right and left from each extremity of the 
caponier to other parts of the main ditch; and staircases to 
ascend from tlic le\el of the ditch into tlie lutenor of the tenail 
and raschii. 

In order that you may understand tife nature of a caponier more 
cleail}, wc sliall next proceed to draw the section of one. 

Diaw a light line, to represent the general level of the main 
ditch 111 front of the tenail. 

Mark two points on it at a convenient distance, and from thence 
raise perpendiculars of equal lengths, to show the height of the 
two parapets of a caponier. 


From the foot of each peipendicular, set off a certain distance, 
inwards, to represent the base of the intenor slope of these para¬ 
pets ; and draw the said interior slopes. * ’ ^ 
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Upon die grosnd line, outwards, mark points on each side, at an 
e^val dtttance, to show the foot of die small glacis of the caponier. 

])raw the slopes of these glari% directing thorn from die tiest 
of each parapet, upon die two last-marked points. 



Sometimes the caponier has banquettes in rt'ar of its pamptN 

Draw banquettes in rear of each paiaptt ot \oui raponier, in 
the usual manner. 


__ 

i 


Rub out superfluous lines, and the section oi a capoiinr will 
be complete. 



The parapets of a caponier are intended to protect troops cross¬ 
ing the ditch, against the enemy's Are. 

In passii^ across the ditch of a ravelin, the enemy's Are can 
annoy you in one direction only. Therefore a half caponier, or, 
in other words, a communication constructed with one parapet and 
l^beit only, is quite sufiicient for the ditch the raselin. 


Rnb out one half of your caponier. 
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The figure which now remains represents A half caponier, 
OR n£MicAPOi?T£R, as it IS also called. 

It was before explained, that tven in a laige fortress, there are 
iiHuall) onl^ tno or three pniicipai gates and bridges, leadii^ from 
the body of Uie plate and outworks to the covered way. 

In these paiticular parts, tliere are spacious roads from the 
cohered wa\ to the (ouiitiy, which of course cut deep into the 
glacis and right acro'ts it, otherwise they would not be convenient 
fui (aiiiiigcs. 

# 

In other paits, the rovcied way commuuicates with the glacis 
h} means of short ramps, which signify sloping road^, as was before 
evpiaiited. 

Tin RAMPS ojF the co\FRro WAY usually procecd fipom 
the fa( cs of the reentenug places of arms. 

In all part'i, wlun the lni< of palisading 111 the covered way ia 
inteistiUd h> tlipsi ramps, tin re are usually spar gates erected, 
which wiuii liiit liace iht same appearance nearly as the palisades 
till msel\< s 

These gaU v are called the barriprs op the covered way. 

It ma) licie be observed, that the other gates, before mentioned, 
named bamers of the traverses, which are also erected in the 
covcied wa>, are consti lifted in die same manner, as diose which 
have just been described. 

When the ditches of a fortress are always fiiU of W'ater, a great 
number of bridges of rommumcation are of course necessarf* 
Hiose which lead from die principal gateways to the high roads 
are made wide and strong, in order to afibrd a convenient passage 
for heavy carriages; but those, which lead fi’om the sallypoiliB, 
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ierve merely fiN* the use of the troops^ arc in^e narrower and 
leas substantial. 

Boats are also used for the passage of troops across wet ditches, 
partly to save expense, and partly from nt-cessily, because towards 
the close of a siege, the bridge are rendered nn‘ier\iceable by tlie 
enemy's fire, lliese boats arc usually kept behind the tenails, 
where they are not much exposed ; and sometimes siiiall basons 
are made iu the gorge of the ravelins to receive and screen them 
irmn cannon shot. 

In that case the form of the ravelin w ill be as fob 
low's. 

i 

Sometimes, when a fortress is situated near the sea, or on the 
banks of a river, the ditches are constructed in such a manner, Uiat 
diey may either be kept dry or inundated at pleasure. 

' In order to derive the greatest possible benefit from this expe* 
dtent, it is usual to have several dams w ith sluices built across the 
ditch fd various parts; by means of which the water may be let 
into any particular portion of tlie ditch, that you think proper, 
whilst the rest of it mi^ be kept dry. 

A dam constructed across 9py ditch of a fortress, for die above 
IHVpoae, is called a batabo^au. 

- A bcbittoi is a solid wdU. of more than sufficient strength to 
nsiat fibe%reiii[hest pressure of water that may act upon it; and 
P order diit it miy not afford a convenient passage, across the 
to to altaiiiptii^ to auqiriBe or assault the fortress, 
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the top of it is built with a ridge, like that of a steep roof. Con* 
seu ently the section of it is as follows. 



'file batardeaus of the main ditch may either be constructed 
before the point of a bastion, in the prolongation of the capital; 
or tluy may be placed in front of, and perpendicular to, a cur¬ 
tain. 

I shall now show you the method of drawing a batardeau, 
vkhich shall suppose to be placed before a bastion. 

f 

Diaw tuo fronts of fortificatioii with a counterscarp, but without 
t^niuils or ra\elius. 



Draw two lines across the ditch of the center bastion erf your, 
figure, at equal distances from the point of the bastion, and 
paiallel to the produced capital. 

These lines will represent the sides of a batardeau* 
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Dnw a third line, a]«o across the ditch, half way between the 
two fonner and parallel to them, nhich will of course agree 
with the produced capital of the bastion* This line will repre- 
aent the lidge of the batardeau. 



To increase the difhcuity of penetrating into the fortress oser 
the batardeau, it is usual to build a small muud toner oi tiiint 
over the middle of it, which being raised higher than the rest of 
die batardeau, and pointed or shaped like a cone at top, piesents 
an additional obstacle to an enemy. 

Represent the tubret of the bstardcau, by a sinaii 
drek^ and mb out that part of the ndge, which will bciuiiic 
superfluous, after the turret is drawn. 



Your batardeau is now complete. It divides the ditch of your 
HgnBB into two parts, (me of whicli may be filled with water, 
whilst the other is dry. 

In (htclies of this kwd, it is of great importance to secure die 
aitiees flnm the iMcof being destroyed by an enemy’s Are. 
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Sometimes tlie sluices are placed m die batardeirta itself^ 
grooves or openings being left in the masoni^ for the purpose of 
receding them. 

Sometimes tluy are placed 111 the interior of a bps^on^ ^di 
channels of commmiicution for the water^ extending from diem toT 
the main ditch on each side. 

In this case, the batardcau i<i built quite solid across the main 
ditch, in fiont of die point of the bastion. 

Wlien the ditches of a fortress inaj be inundated at pleasure, 
the bottom of them, after the uatcr is let out, must necessarily be 
marsh}, as it is much loner than the common level of h^h water. 
It is therefore usual to ha\e a nanow moat in the center of« 

ditch of this description, to dram off die superfluous water. 

« 

A moat of this kind in the middle of a ditch is called A 
cuM;TTi:. As It IS not excavated with a view to defence, but 
foi the sake of health and cleanhnoss, die depth and breadth of 
It aa nt little importance. 


GENERAL REMARKS. 

Ditches which nia} be kept diy or inundated at pleasure, are the 
best; and next to these dry ditches, provided that die revetments 
are strong, and of a sufficient height. \Vet ditches are the worst of 
all, when the works of a fortress are strong, well reveted, aud of a 
good profile. But if die w'orks ore very weak, or merely consist 
of earthea ramparts without revetments, then wet ditches aie the 
best; for nothing else can secure such works i^ainst a gen^hl 
assault. 

The great objectioii to wet ditches is tjie expense of bridges, 
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and the difficulty of preserving them. Towards the close of a 
nege they are often destroyed, as was before observed; and boats 
afford a very precarious cominunication, liable to interruption and 
delays. Consequently it becomes difficult, sonietmies imposslMt', 
to support the tioops in the outworks or covered wav when attack¬ 
ed, by sending fresh men to their assistaiii-o, so that these woiks 
cannot, by any means, make such a vigoious defence, as might bi' 
done if the ditches were dry. 

The various methods, which may be followed, in couHtructing 
die gates, sallyports, bridges and drawbridges of a Ijiirtiess, as 
also the construction of hatardeaus, &c. form a of Piactieal 
not of l^ementary Fortification. No detailed plans or sections 
of them ^all therefore be attempted in tiie picsciit woik. 

The nature of ramps shall, however, be fully explained, as they 
often form a very conspicuous part of fhe general plan of woiks 
fortification, which cannot be clearly understood without Uiem. 


CHAP. VIII. 

OF THE CONSTRUCTION OF RAMPS, AND STAIRCASES. 

1 shall now teach you the method of drawing the plan of a 

ramp. ^ 

Draw a right line to represent any 
prat of die scarp line of the body of 
the place, as shown in the plan of a ^ • 

foitresa. 

Draw a second line in rear of, and parallel to it, at any con- 
msent diataiice* to rainescnt the crest of the parapet. 
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The apace, compreliended be* 

tweeii these two lines, will represent __ 

tlie thickness of the parapet at its -- 

base. 

• 

Draw a third parallel in rear of 
the last, to ret>iesent the back of the ' ' 

terreplcin, or the top of the interior 
slope of tiie campart. 

Tilt' space, comprehended between this and the second line, 
will icpiesent the breadth of the tenepiein. 

Diaw a foul til parallel, aho in *- —- - -- - 

rear of the foiincr, to lepresent the ~~ 

foot of the interior .slope of the ''' 

rainpait. 

Tlie space, comprehended brtw'ecn the two laat drawn lines, 
will of couise, represent the said interior slope. 

Wo shall now proceed to draw our ramp, as proposed. 

Maik two points on the back of--—-— 

the terrepleiii, at such a distance — 
apait as vou may judge convenient, " ' | 

for the breadth of your ramp; and 
fiom tliese points draw perpen¬ 
diculars backwaids, or towards die 

interior of the fortress, to represent * 

the sides of your ramp. 

t 

It was before stated that a ramp is a sloping road, which gra* 
dually rises till it becomes as high as the terreplein. 

'Ihe length of the sides of the ramp will’thefefore depMbd upon 
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die height of the tenreplein above the natural le\el of the ground. 
For instance if the terrepleiu were feethigb, and if you diought 
it convenient to gnu the ramp a slope of 6 feet to t; then the 
length of the ramp or of the two peipeiidiculars, winch you hate 
just drawn, would require to be ](^ feet, this being si\ times 18. 


Connect the extremities of die 
last drawn perpendiculars by a 
i^ht line, which will show the _ 
bottom of the ramp; and rub out 
that part of the foot of die inteiior 
slope of the rampart, whuh intei- 
sects the ramp, as it will now become a ntijicrduoiis line. 


Ramps being usually constructed of earth or rubbish , it 1 nu^t 
be evident, that the sides of them will not stand |>erpcudiriilarl), 
unless reveled* But the sides of ramps aic very seldom reveled ; 

and therefore it becomes neressaiy to give them a slope. 

« 

Hie ramp bdng equal in height to the terreplein, at top, must 
of coarse have a slope there, on each side, equal to die intenoi 
slope of die rampart. 


From die top of each side of die 
nmip, you will therefore mart 
points to the right and left, at a dis¬ 
tance equal to the breadth or base 
of the interior slope of the rampart. 


The bottom of the ramp, being on the iamo level vHlb the 
natural ground, can have no slope. The slope of each side of the 
nmp, which is considerable at top, will therefore gradually fall 
away to nothhqt, at bottom. 
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From those points, which repre¬ 
sent the extent of tlic slope of the 
two sides of the rainp at top, yon 
will therefore draw oblique lines to 
the foot of the ramp. 

Xlie triangular space, comprehended between either of these 
oblique lilies and the adjoining side of the ranp, represents the 
sh)pe (►f that side of the ramp, which, as 1 said before, is consi- 
deiable near the top, but from tlieiice falls away to nothing at 
bottom. 



Rub out those parts of die inte- 
lior slope of the rampart, and of 
the slopes of the mmp, which inter¬ 
sect each other. 



Join die opposite angles where 
the interior slope of the rampart, 
and the two sloping sides of the 
ramp meet each other, by short 
diagonal lines. 

These diagonak represent furrows or boUoWS formed by the 
meeting of the abose slopra; for in all cases, whmiever two 
oblique or sloping planes meet each other, either a ridge or n 
furrow must be formed by their junction, as may be observed In 
the roofs of houses. 
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The plan of a perpendipular ramp, that is to say of a 
timp laid out perpendicularly to the general line of the raiiipAii, 
is now complete. 

Sometimes the short lines utnch represent the top and bottom 
of the ramp are rubbed out lu a finished dra^\iijg but it w inoit 
correct to show them, because the terreplein, the ramp, and the 
natural lesel of the ground being all on different planes, ndgrs oi 
furrovns must necessarilv be formed niieic they meet each otlui 
Accordingly there is a small ridge at the top of the ramp, and a 
•mail furrow at the bottom of it. 

In fortified places, thcicaio usuilly buiiduit^s behind tlu* ram¬ 
parts and near to them, so that a lamp could not coiucnuMiMy 
be constructed in the niatmer repn h ntid mom priMu' ligiiit , 
as it Mould project too far towards tin icti, md might thereluie 
interfere with die streets or houses. 

For this reason, ramps ate seldom or never made perpendicular 
to the ramparts of a fortiess, ni tl c mannei just explained, but 
obbque to them, and as nearly parallel lu them as possible 

Rub out your present ' - — — ~ - * 

ramp, and restore your 

figure to Its original .„ J I HHZHZ 

•tate, Mhich being done, Me shall proceed to draw a new ramp of 
« more conveiuent form* 

Upon the foot bf the 
iatericRr slope of your ' ' 
ranipait, mark a pomt 

for the bottom of your ..... 

^posed ninp* 
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Take in your com- ~ 

passih the propoitf'd 

Joiipftli of }our ramp, ~ ^ . 

vihicli, as I said before, will depend upon the height of the 
ten epieiii; and with this distance, as a radius, from the above 
point as a center, make an intersection on the back of the 
terrcplein. 


('oiinect these two 
points by an oblique 
hue, which will lepre- 
sciit one side of )our 
proposed tamp. 

This shall be called the exterior side of the ramp, as 
it is supposed to be nioit* advanccfl towards the country, than the 
other side, which remains to be drawn, will be. 


From theejktremitii s 
of the exteiior side of 
your ramp, draw per- 
pcndicuJais backwards 


A 


or towards the interior of the work, in order to show the top 
AND bottom or THE RAMP. 


Connect these two 
perpendiculars by a 
right line, which will 
represent the inte¬ 
rior SIDE OF the 
RAMP. 

The interior side of the ramp being, at top, on die lane level 

VOL. 11. K 
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widi die terrepleiii, must have a slope, there, equal to the interior 
dope of the rampart. 

Produce backwards--- 

that perpeudtcular, 

which represents the . " ~ ' "J_ 

top of the ramp, and TT —*' 

make tlie produced part equal to the breadth of the interior slope 
of die rampart. 

This produced line will represent tlie extent of the slope of 
the interior side of die ramp, at top. 

From the extremity 
of the produced line, 
dnw an oblique line to 
die foot of die interior 
ude of the ramp. 

The triangular space, thereby formed, will represent the slope 
Of THE iNTERlon SIDE OF IHI'. KAMP, which IS considerable at 
top, but from thence fails away to nodiiiig at bottom. 

Hie upper part of the ramp is not yet complete, for it must of 
course be continued, until it meets die back of the terrepldn. 

This may be done by producing it, either in the same direc¬ 
tion, so as to form one continued right line, or. not, as you think 
proper. We shall use die former niediod. 


Produce the interior 
fide of your ramp, until 
i| meets die tenr^leiii. 
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At a ilistaiu-c equal 
to the hrtji'hh ot jhc ' 
iiit(Mior ol tmj 

r.iiiij .(it, (h.iu .1 
Juif III icu ot, aii<^ paialiel to, the last-drawn line, in order to 
sh >\v ti>e sN>| e ot ihut part of Uie interior hide of }oiir ramp, 

MliK'h liiiiaiiud l^lhui^(l4d. 

C'oiiiieel the audits, f* ivied hy the meeting of the said slope, 
ami i’ < iKtciioi shtpt ot the lauipart, by a right line, in order to 
sIk w .1 iuiiow \xhiili will he ioiiiied there. 


Then luh out supei- 
lines, (tiui \our 

ramp will be coiii])ltU'. { 

Y till fu;uie, it) it^pieseut state^represents an oblique RAMP, 
sii. h us IS aim )-t .(■ \ i\> ii-> d m toitiosses. It aflfords a coiive- 
iLeui passage toi 1k>o|»s and gtius, and at the same time takes up 
\try little 1001)1 towaols tlie lear. 

The dutet ramp, which \ou before drew, is seldom or never 
Used e\cipt 111 woiks where the terrepleiu is veiy low, such as 
field woiks, fur iihstanee. 

Sometimes \ uoiblk r\mp is made, which consists of ^two 
ramps, constiucted in contrary directions to each other, nearly 
meeting at top. 

Rub out every part -- • -- - 

of your pieseiit ramp 
except ii\g the two sides 
of it, and those perpen¬ 
dicular which represent the top and bottom'of it; and rastora the 
original form of your rampart. 

• K t 
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At any convenient 
distance from the top 
of your ramp, marl a 
pemt on the back of 



the terrepleiii, to represent the top of a secomi ramp, wliuh u 
to b(' sinnlar to tlic former, but constructed in a contrary direction. 

And from this point, as a center, \\ ith a radius equal to the 
length of your first ramp, make an intersection on the foot of 
the inteiioi slope of the rampart. 


Join these t^o poiittb 
by a right line, ^bidi 
will represent the e\te- 
rior side of your second 

ramp. 

Draw the top and 
bottom, and the interioi 
side of your second 
ramp, making it equal 
to the first in all these 
dimensions. 



Rub out that part of —- 

die back of the terre- 


plein, which extends be¬ 
tween the two ramps: 




nib out also that part of the foot of the interior slope of the ram¬ 


part, which intersects them. 


Connect the upper ex-- 

tremities of die intmior 
rides of your two ramps 
by a right linein order 
to show the new form, wbicb must be given to the back of the 
tenopleio, in cousequence of the ftHmadon of the dotdite ramp. 
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Then if you suppose the greatest slope of the interior sides of 
your double ramp to be equal to the interior slope of tlte rampartf 
tihich IS usually the case in practice: 

Connert the lower extremities of the interior sides of your two 
ramps by a right line; and your double ramp will be complete (See 
the fourth of the following figures). 

But if the greatest slope of your proposed-double ramp is sup* 
posed to be either greater or le^s than the interior slope of the 
7 ampin tf then the rule for Jinishing it aould be as follows. 

Fioin the top of the ‘ — • - — 

interior side of eaih of 
}oui fampii, as a ceniei, "I 

with a radius €‘qual to L—■ 

the gieatcst supposed breadth of the interior slope of the ramp, 
as a radius, desciibe arcs. 

I'roni the bottom of 
earli interior side diaw a 
tangcnl to die nearest 
aic. 

Draw another line, con¬ 
necting the two arcs, 
which must also be a tan¬ 
gent to them, and pro¬ 
duce it till it meets die two 

The three tangents, diaren under the above supposition, must at 
their junction form angles, and consequently ridges or furrows, 
which, strictly speaking, ought to be represented by right lines in 
the plan; but if, by reason of the great obtuseness of the said 
angles, the tangents should have the appearance of one continued 
right line nearly; then, it would not he worth while to draw any 
lines for the above-mentioned purpose. 



former tangents. 
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Rub out }oiir arcs: “ —-- - 

4jm\v riglit lines acmss 
your slope to repfe«*ent 
^'ic^es or fiirrons, it you V 

Aiuk it nece^saiy ; and }Our double ramp ^\iiI he roinplrte. 

You ina\ here obsme, that the intenoi sli»pe ot }otti d(>u!>]e 
ramp is consultndiie, between and opposite to the topi ot tin tr.o 
lamps^ from whence it tails awd} to nothing at t! i fiottoin ut each. 

Double tamps ate always the most convenient. 

When ramps are made behind tin ta< < i <>t anv woik, tlnv >r(iu> 
rally meet at top or nearly so, and term a douhie lanifi in xar ol 
the salient angle. 

In this case the mteting of the two iainp'> n otltn math’ 
circular. 


Draw a woik with two faces, 
to represent a ravelin, marking 
the puiapct, tcrreplein, and 
interior slope of the lampait. 


Draw two ramps, one on 
each face, at an equal distance 
from Uie angle; representing 
the slopes of their interior 
sides by triangles, as before 
eiplained, but without forming 
any communication irom the 
top of them to the terrcplcin. 
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Rub out thoie lines of llie 
inU'iior siope of the rampart, 
wliuh either intersect \ourtwo 
ramps, or are eontiriued be^ 
\ou(l tlie top of each. 


Produce those perpendicu¬ 
lars, uhich rep] CM lit the top 
of eui h rump, backwards, until 
the^ meet. 


From their point of inter¬ 
section, as a center,^ describe 
an arc couuecting the tops of 
tlic interior sides of your tu o 
ramps. • 


From the same center, de- 
scrilie a second arc connecting 
the adjoining extremities of the 
two oblique lines, that were 
drawn to repn'S^nt the bottom 
of the slope of the interior sides 
of your ramps. 
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Hiis being done, nib out 
mperfluous lines, and the 
figure of ;your double ramp 
will be complete. 


Sometimes double rampi of tlim kind are so constructed, Uiat 
file extremities of tlie oblique Hues, sslitch repri'sent du* bottom <^f 
the slopes of then iiitenor sides, may meit in the same point. In 
this case the second arc would be suptrlluoti^. 

This would take place if the two i.iiiips, repteseiitid in out 
present figure, bad been phn f d a little neaier to each other at top. 

Sometimes, in lieu of lamps, staircases aie constructed for 
ascending the terreplciii of works, but these staucases are only fit 
for troops, not for gnus or carriages. 

Hiey are diawn as follows. 

Draw foul lines paral¬ 
lel to each other, to re- ~ 

present the parapet, ter- “■ *- - - — 

replein, and interior ___ , 

•k^ of the rampart of__ 

any work. 

Draw two lines jier-__ __ 

peodicularly across the__ _ __ 

interior slope, to repre- 
jeatifiie Urtal width of 

a staircase. ’ 



Draw two other lines, 
iMrards, near to these, 
ai^ parallel to them. 
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Bctu eon the t\\ o last 
dtawn lines, draw lines 

pcrjiendicular to them, _ 

at any coiweiiiunt dis-_ 

tance apart, to represent steps: and the plan of a staircase 
OF THE rampart Will be complete. 




The spaces to the ria;Ut and left of the steps, which are compre- 
hended between eacli pair of perpendiculars, represent the copings 
ui low parapet walls, winch are usually constructed in staircases of 
this desciiption. 

Staircases e\en for troops aie not of such permanent utility as 
ramps, because they are liable to be de!)tto}cd by shells ; whereas 
ramps when injured may easily be lepain^d. * 

The siAiRCASEs OF coMMUMCAiioN, in the reverse of the 
teiiail or raseliii, which )ou before drew on a small scale, are drawn 
accoiding to the same rule as a ramp neatly, when tliey are repre¬ 
sented on a iaigi'i scale, such as is capable of showing the slopes 
of the rc\ t tment. 

To expLuu this, we shall dniw the plan of a double staircase, 
in the inaiinei alluded *to. 


Draw two lines_ 

parallel to each other -- 

to ic{>rcsent part of the reverse of a teiiail or gorge of a ravelin: 
and let the distance between these two parallels show the slope of 
tJie revetment. 

It will bo evident tliat the side of any staircase following the 
general line of a sloping revetment, must also itself have a gradual 
slope from bottom to top. 

I 

Maik points on-— 

Uie low crime, which —-•- > 

represents the foot of the slope of the revetment, in order to show 
the breadth of a landing place at the bottom of your proposed 
double staircase. 
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From each of these as a center, siitb a radius equal to 

liie length of your projund staiTcase, describe aics irntTsccling 
die top of the slope of die icMtmcnt. 


Connect th<".e 
points of iiitersec' 




tion to the former 


points by right liius, vLieh ^\iil lepreseiit iiit: iMF.KfOB sinr.s 
or THE noinLH ai mivCas*!*, ionmiuieiitg from the foot of the 
dope of tlie reietuaiil aud giaduah} risiiig to the top of it. 


Set off perpeudiciilars fiom each c^tr* mit} «.f the lu'tt-diawii 
fines, outnards, to leprtsLiit the ‘iop \m> eoiioM of iitK 
BOUBLK STAIRCASE. 

Let these |>erpendieul:irs be equal to c.uh otiur, theii iciiulh 

'representing tlie bnadth of the staircase : 

And connect the __ 

extremities of them _ U __ 

'—•*' I 

by right lines, which ----- _ . _ 

will represent the exterior sides or thk doi ule m air- 

case. 


The exterior sides of your double staiicuse must neccssaiii} be 
rercted; and hi order that the staiis may be ever)wheie of the 
tame breadth, thh re\etmrnt must of course have a slope equal to 
tlie slope of the original revetment of tlie 
Couitect the bot¬ 
tom of each exterior 
side by a right line, 
vafiicb will represent the bottom of the revetment of >otir double 
staircase: and connect tlie top of each exterior side by a right 
fine, which will lepicstnt the lop of tlic said revetment. 

The space, bounded by the two last drawn lines and the exterior 
ndes, sepresenu the slope of the kevetmemt of the 

KXTEniOB SIDS OF THE STAIRCASE. 
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Rub out supitAu- 
ous lilies. 

Yiuir staircase in its pn^iut form resembles a double ramp, 

;j](i IS riMi^tnu ted e\a(ti) oii tlic »aine pnnriple, but svitfa 

« 

tills diiftfriut, iImI the iditip is fonstriicted m lear of the foot of 
the iiiterioi slope ot (he lainjuil, in urde t tiiat it may not cut into 
and diniiiiisli the hieadth of the tureplein; sslnreas the staircase 
heic Mpicsinlid is lonstiinud in trout of the slope of the revet- 
muit, and thtM' loie dues cut into the intcnor ot tlie Mork. 

Diau pirptmii- 
lulais to shon tfie 

s'eps niid join dou- - 

hie suiicase Mill be complete,* an open space, or A LANOlNO 
ri \( L, being repiesiiiUd at bottom. 

The interioi ^ide of a staiirase inav smiu times have 4 rorr\o 

V 

01 loM paiaptt Mall, and tiie iixetincnts riia\ also have eopuigs, 
mIucIi are some times Kpiesiiitcd in plans diawii on a large scale. 

In that case your 
figiiir Moil’d leijuiie 
to be altcied as tul- 

w 

low S. 




* Prnperls Hpeakins:. Iho su!* s of each '{am ase, in a finidied plan, 
oii;;h{ not •() Ik represeiitt d n;;b( iiii< s, hut b} lint s so diaan as to Itaie 
tlip apppiiiani e •*( sit | s, fiiiii lll^ i J,a d ui*(t r td su Mon of (ho stair- 
,oaso. Till* reason (i( tbn Miii bt iXiiidmed iii( iM| but i( is Maiccly 

r%or not lb Millie t ) IP ilk 411(11 \ n minute ditails lu plau-didMUig. Itis 
jiroper, buHe\rr, Uiat Uie} ahuuid be uudci stood* 
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CHAP* IX. 


CHAP. IX. 

OF BATTERIES. 

Hie giuvi and mortars, used in thedefencr of n foitre^s, arr 
placed on the terrepleiiis of the various \iorks in rear of the para¬ 
pet, as IV as before observed. 

^imever guns are placed, openings inusi*be cut acioss the 
upper part of the parapet, forduni to tiic which aic 

called embrasures. 

In those portions of the ramparts of a fortiess, wliirli aie fitted 
op as GUN BATTERIES, the parapet has no banquette biiuiid it. 

Mortar batteries do not rccpiire aiiv enibiasurc^, but 
consist of a simple parapc't only. 'Fiie reason is, that moilais do 
not fire at any object in a direct line, oi nearly ; but [iitc li then 
shells over the parapet, at a considerable elevation. 

r Batteries, thrown up in the field, do not differ materially from 
those which are constructed ou the ramparts of a fortress. 

We shall therefore proceed to draw the sketch of a field bat¬ 
tery $ having done which, you will find no difficulty iii understanding 
the mture of the batt^ies of a fortress. We sliall begin with the 
pftifile or section. 


The section of a field battery is exactly like that of a traverse, 
wluch you before drew, only that it has np banquette. 
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Draw a ground line, upon which construct the section of a 
simple parapet having au interior, a superior, and an exterior slope. 

Tlic figure, in Us present state, 
represents the section of a mortar bat¬ 
tery. 

It also represents a section of the solicf part of a gim battery; 
but if the section ^ere supposed to be taken through an embra- 
SI Ilk, till* openiiu; would, of course, reqiiiie to be shown. 

This \b /lone us loiluw s. 

• 

Maik a point on tlie interior slope, 
about one third was up; an<l from 
this point, draw a right line across 
>our paiapet, in a diiection nearly parallel to tlie superior slope. 

Tile liiu which }ou )ia\e just drawn divides the parapet into 
two parts, 'i'he under pait is supposed to be solid. The upper 
part is supposed to be hollow, and forms die embrasure. 

In a section drawn through an embrasure, the solid part only of 
the parapet is seen in section, the upper part is of course sup¬ 
posed to be seeu iii elevation. 

The bottom of an embrasure is called the sole of the 
EMBRASURE, aiid in die section it is represented by the line diat 
you drew last. 

1'he sides of an embrasure are called the cheeks of tub 

EMBRASURE. 

When a battery is made for two or more guns, so that (hem are 
several embrasures or openings in (he parapet; each of (hose 
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•c^td portions of it, vrhich Jie between aii\ two eiribiasures, it 

•tailed A MFRLON. 

But those two solid portions of the parapet wliufi aie at the 
right aud hft txlieoMMrs of the batUM\, a(l|oi mj; to the* hist and 
last embrasures, aic < ailed imli mi.kions, fiom thi dimensions 
usual!) given to them 

m 

• * 

That part of tiu parapet of a srnn baltei v, \\ hu h is below tlie 
level of the tndtiisuriS and nicil ms, is tallMl iiil soiii>, on 
account ol its beinjf s»)!td tliioUjih mt its wli h ( \tt Ml 

a 

In erecting a bdd hattiiv, s icli as th tt ot wIik ii vou invi now 
drawn the section, tIu laith lor ion il.t pataptt i" obtmud 
from a ditch excavated in liont c I it. 

A iKim is aivvav-a left betwcMii the foot (.1 ih txteiior slope 
of the paiapit, and thi ciuc'i o. thi i ^ v 

Thc 1)1 icH or A iiVTMllx i*', m llie first instaiuo, usually 
cut perpendicul)i aftcruanls vIojm s an toiiiud '•ul< s oi 

it are culled die leveivc and liont sid* ot tin diuii, instiadof 
Using the tt>itns *'scaip ard <t intrisr.iij,' winch do nut appi) to 
such a small woik as a field batinv. 

m 

In front of the 
parapet of )our bat¬ 
ter}, mark two points 
on tlie ground line, 
it i convenient dis¬ 
tance, to represimt the breadth of the ditth. Fioni thence drop 
perpendiculars equal in length to show its depth; and draw the 
bottoni of die ditch by joiniug the lower extremities ot Uiese 
perpeodioalari. 
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The settbn of the ditch of your battery is now represented by 
a rectangle, which shows the form of it before die slopes iue 
drawu. 

Diaw an oblhpie 
line to hltow' 'i n r 
In m:«sr slock oi 

■Nil DITCH oi Tiir 

« N ITCRY, It mug a 

I' lit hciiii hi tween it and the foot of the exterior !»!ope of the 

|1 11 t{U t. 

Diaw’another oblique line to sSo\\ mi irom ‘•lote OJf the 
1)1 I ( I! oi nil u \ i 1 1 KX . 

Huh Milt iliose two perpcnduulars which showed tlie origind. 
Jonn ot iIk iidcs of the dittli, bitorc tlic slopis were drawn. 

Aik! dot !h()‘*e paits 
nt \i>ui gioimd line, 
which would beioiue 
uipnnunis 111 a fi¬ 
nished ‘>ection. 

Ill Miiali fit id woiks, stub as a batteiy, the bottom of a ditch 
is sonieUiiies called lUL son or ihu ditch. 

Tlie ouU thing, which is now wanting to complete the section of 
your gun battcrv, is the platform. 

Before I pioceed to explain the nature of platforms, I shall 
hist teach you the method of di awing die plan of a guu battery. 

The plan of a simple parapet without embrasures must first 
be represented. 

f 

This will consist of four lines parallel to each other at proper 
distances, the three spaces, comprehended between which, wiU 
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* 

the inletiCM', the anpmm^tkd the eistiiibr of the 

^pftnpet. 


Draw four Hues accoidiiigl)^, 
{daciug the mterioi slope to¬ 
wards die bottom ol }our 
peper. 


• Drav; a itu( iierpendictiUrly 
Across the < enter of > our ti^ui t, 

to represent the dinttiou ot ““ 

the object against mIikIi iIk' 

battei> IS supposed to be con- --— 

Btnicted. 

_ s 

This line u tailed inr iim (m in*i, tm oinid iiNt 
of the batten* I'll** c«nUi ot \oiii tjnbiasuit ought to ai^iee 

with it 

On referring to your section, \on \\*ll juKeiv* liiat tlif icai of 
the embrasure commeims al>out one linid w iv up tin iiilcnoi 
^pe of the parapet, there ioie it < mnot agiei evadlv MitU utfur 
of lilies in the plan, mIucIi it present the iKittont oi the 
crest of it It must cousequentl} be placed between tiie two, but 
Hearer to the former hne. , 

Mailt a point on tlic line of__ 

fire to represent the rear of 
yowr pnluesure, placing it about 
one th^ way up that s{»ce 

whidi represeiits the uitwior-—-- 

slope of the parapet. -F—- 
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Ill like manner, by referring to your section, you will find that 
the from of >our embrasure does not exactly agree either with the 
top or bottom of the exterior ^lope of the parapet, but stands 
about one third or one fourth \\ ay up that slope. 


You will therefore mark a 
second point on the line of fire, 
to show the front of tlie enibra- 
sun‘, upon that space which 
repie.seiits the exteiior slope of 
the paiapet, Imt nearer to the 
foot than to the nest of the 
said slope. 


Tlirough ihesi points, draw 
lines ptrpendn ular to the line 
of fire and mtersceting it, 
making the niostaiUanced per* 
peudicular the longest._ —-L- 



Upon the rear perpendicular, on each side of the line of fire, 
mark points at a distance rather less than the base or breadth of 
the interior slope of the parapet. 

The space comprehended between these tw'o points is to show 
the width of the embrasure in rear. 

On each side of the line of fire, set off upon fiie front perpen¬ 
dicular, a distance rather less than the base or breadth of the exte¬ 
rior slope of the parapet. 

VOL. II. 


I. 
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The space, compiehendcd 
between the two last marked 
. points, Is to show the wiiltli of 
the embrasure in front. 


Connect tliese points bv 
ri^t liueSt and the funn of 
the sole or bottom of ilto 
embrasure will be coni])let('. 


Rob out those paiU <if the 
original figure, which will 
become superfiuous after the 
sole of the embrasure is drawn ; 
eiceptiiig your line of fire, 
which you will dot. 


The rear line of the sole of an embrasure, that is to say the 
shortest of your two perpendicular*<, is called the sill of the 

EMBRASURE. 

If the cheeks of the embrasure were built perpendicularly, the 
abore would be a correct plan of it; but this is not the case. The 
cheeks almost always have a slope, which must next be repre¬ 
sented. 
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()u eneb 'j'Ht* of \onr rinlna- 
&ijn, :it .1 siioit (iistanrc iioin it, 

DUlk JXiIIlts lljion (ill ititi MO| 
rnW of Uu p.ti UM I, to k ;<r( 'll nt 
llir ba'‘< of tin of the 

ilit'iks uf tlu* (mbiit'^iiu at tluit 
j>.tit 

Oil t nil of >out tiiibra- 
.It a sllOlt lIlsl.lIM ( 1 OIll It, 
iiuirk also |>ouits upon tlio < \ti- 
noi (Kst of tb(‘ piiapct, in 
omIm to sliow tlu bast of ibo 
sbipi of ilu-(lu'tks tif till tmbia- 
suit at dial jiait. 

()u (* u h suit' of the rmbra- 
suit, (lia\> ii.'ht lints, CO 111 lect- 
iiiH tlu abo\»' point<%, fioni 
ulmh \ou will also liiaw ni»ht 
iiiu s to tlu* a(i)oini]i4 anults or 
c vtit unlit s of iIk bole of the 
enibrjMiit. 

Jill!) out siiptitluoLis paitb uf 
uiiir oii^inal paiajxt, niul the 
plan of an tuibiiisuie loi one 
gun IS now (oinplt te . the <«ole 
of the euilnasuie, and the 
SI oiM or riir t in i ks oi 
nil. 1 MTiiiAsi HE being dis¬ 
tinctly seen. 

The narrow part of an embrasure, that is to say the rear of it, 
IS called the .nec'k or the embrasubk. 
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The broadest part or front of an cnibra&ure is also called nil. 
IfOCTU Ol THE EMBBASLBE. 

In rear of the enibiasure, a platform is made for the gun to 
•tand upon, ^\hll&t it is tired; otheni^isc from its grtat eight the 
uheels of the carnage %\ould sink into the ground, and il would 
soon become unmanageable. 

The rear or tail of the platform is parallel to tlie front of 
the batter) : the platform is broader in rear than in trout, and 
the center of it exactly agrtes with the line of tire. 

Draw a platfoim accordingi). l.<et the front of it agree \Mth 
the bottom of tlie interior slope of the parapet; and make the 
width of it in front equal to the width of the mouth of the 
embrasure nearly. 


Make it wider by about one 
half in rear than in fiout; and 
let the length of it be rather less 
than the thickness of the para¬ 
pet at top. 



In a regular fortress, platforms are sometimes made of hard 
•tone or of strong cement; sometimes they are made of wrood. 
In a field batter), platforms arc always made of wood. 


The upper part of the platform^ upon which the gun moves, 
coniuts of planks, which are laid perpendicular to the line of 
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fire. In the front there is one piece of stout timber raised several 
inches higher Uian the planks, which is called a hurter. 

llie hurter strengthens the front of the platform, add may also 
someUnu s he useful by checking the wheels of the gun carriage. 

Draw parallel lines across your platform to represent a hurter 
and planks. 

The future, in its present 
stati'f repievents the plan of a 
one-gun hatterpf complete in 
eiery respect, eicejiting the 
ditih, whhh is of so veiy sim¬ 
ple a nature, that it uas not 
thought neces'-arp to introduce 
it, for the sake of further 
ei nlanatwn. 

n»e space, between the bottom of the parapet, and the nearest 
parallel, will of couisc represent the hurier. 

The planks of a platform, like those of the door of a house, 
rest upon beams of Umber, to which they are spiked or screwed 
down; and without which, it may easily be conceived, that 
the platform would not be sufficiently strong. 

The beams, which suppoit die planking of a gun or mortar 
platform, being sunk into die ground, are called sleepers. 

In a gun platform live sleepers are commonly used. The mid¬ 
dle of the center sleeper exactly agrees with the line of fire. The 
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two ouUide sleepers arc placed so as uearly to agree v^itli tlie tno 
^es of Uie plaUbrtn: coii-equeiitly Uiey arc tuit paraiit'I to the 
center sleeper, but oblique outwards from front to ttui. Tlu^ 
two remaining sleepers aie placed half wa} betwecu the cciitci and 
die outside ones. 

The whole of thi. sLi:Ei*F.ns extend an f.ir as run tail or 
THE PLATFORM. 


Rub out \otu platiorm and 
draw dve sleepers accordiiiglv. 



Your plan, lu its present state, represents a gun batten jftei 
the sleepers are laid, but before the plaiiLiiig is placed. 

What an embrasure gains in width towards tlie fiont is calb d 
THE SPLAY or THE EMDRASCRC ; aud 111 like manner, what a 
gun platform gains in width towards the rear is called the splax 
OF THE PLATFORM. 


The embrasures aud platforms of a gun liattcry are constructed 
with a splay, in order that the gun may be able convenient!} to 
traverse^ or change its direction towards the right and left, and 
thereby command a greater scope of fire. 

Gun platforms have not only a spley; but a slope, the tail of 
the platform beii^ always made higher dian the front of it. 
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To evplain thi se particulars more fully, I »htU proceed to teach 
you the iiu lliod of diawing the section of a gun platform. 

lu it:u oi t!ie lutciKu slope of the parapet of die gnn battery, 
;r. i< pit'll in llit section winch )ou before drew, act off a dia- 
t.ni' ( jatln i li ss than the thlikncss of the parapet at top, in order 
to upiescnl tl»e Iriijith of the platform; and from thence raise a 
shtut piipciifiu uiji to sh »w i!k' heitiht of the slope of the platform, 
or, as It IS nsualK called, Tin. uisr. oi the platform. 

I'loni the top of this perpcndii ular, draw an oblique line to the 
foot ol the intciHii slope of the parapet. 

'liua line will iijniseiit the top of the platform sloping up- 
waiils fiom Iroi.t to lear. 

f». its [ircsent state the tail of the platform appears higher than 
the gioniui line. The t aith in rear of it would therefore require to 
be laised, in such a manner as to give it a solid foundation or 
beaiiiig. 

Tiom tlie top of 
that peipeiidicular, 
which n'presents the 
height of the platfoim in tear,}on will therefore draw an oblique line, 
backwards, to aii} coiuenient point on tlic ground line, in order to 
show die inaiincr in which the earth in rear of the platfoim may be 
raised. 

In this, and in the two following figures, given in the book, 
the ditch q/' the battery, which rva<( represented in our last section, 
is emitted, for the sake of clearness. 

Rub out that pel pcudicular, which show's the height of the plat¬ 
form in rear: and dot such parts of your ground line as will 
become sujicrfluous, after die parapet and platform are diawn. 

Draw aline, at a short distance below the slope of the 
platform, parallel to it and equal to it in lengUi, to represent 
die bottom of the planks. 
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Draw another parallel line below the former, but at rather a 
greater distance, to repieseut the bottom of a slreper. 

Draw short per¬ 
pendiculars connect- 
ing till* extremities 
of these three paiallel lines in front and icar, in oidei to show the 
ends of the platform. 

Rub out a small part of the front of your planking in order to 
make room for a hurter, which is snpposi'd to be placed thete and 
abo\c the front of >our sleeper, draw a small Hqiure or lei tangle 
close to the interioi slope ot the parapet, and liightr than the 
planking, to represent the said hurtei. 

Lastly, draw small 
perpendiculars across 
that space whiih le- 
presents tiie planking, in order to show the iudi\idiiai planks. 

TTie section of }our battery is now complctt, in whnli c\eiy 
part of the platform, namely the sleeper, planks, and hurtci, are 
distinctly represented. 

When a field batteiy is constructed, in the manner represented 
in our present figure, so that the platform is plat ed ou Uie natural 
surface of the ground, whilst the whole of the parapet is raised 
above that level; it is called an elevaikd battery. 

When a field battery is raised so high, that the platforms do not 
stand ou die natural level of the ground or neatly so, but on a 
tcrreplein elevated some feet higher; it is called a cavalier 
battery. 

CiEralier batteries are very seldom used on account of the great 
labolir attending the construction of them, by reason of die bold¬ 
ness of their profiles; but elevated batteries are in common use. 
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There is another kind of held battery also ?ery frequently used, 
which is called a sunken battery, in order to distinguish it 
from the former; and the construction of which is the least labo¬ 
rious of all. 

In batteries of this rlescription, the interior of tlic work is sunk, 
and the platforms eonseqiieiitly laid two or three feet below the 
natural ground le\el, whilst the upper part of tiie parapet only is 
raised above it. 

Sunken batteries are not well calculated for explaining tiie 
nature of tho‘.e uluch arc* constructed on the ramparts of a fortified 
place. We sliuil theiefoiu take no further notice of them at 
present. 

Ciun platforms are constructed uith a slope, in the manner 
rc'prcsc’nted in our figure, iu order to prevent the* gun carriage 
fioiii recoiling or running back too far, when the gun is fired: for 
after the gun recoils iu this manner, it must ulwa\s be moved up 
again, dose to the embrasure, before it is fired a second time, 
'riiis operation, which oilu'rwise would be very laborious on 
ac'count of the weight of the gun, is rendered much easier by 
means of the .slope. 

Mortar platforms have no sijilny nor slope, being generally 
square, or at least rectangular, and laid quite level. The front of 
them is placed at some distance* behind the para[)ct. Tiiey have 
sleepers and planks only, without any liurter. They must be 
made of stronger materials tiian gun platiorms, because tlie recoil 
of mortars, when fired, acts with a considerable shock down¬ 
wards, tending to break or crush the woodwork of the platform, 
which is not tlie case in the firing of guns, or at least in a very 
small degree. 

When tlic plan of a battery is drawn on a very small scale, the 
interior and exterior slopes of the parapet art* omitted, as also the 
slopes of tire cheeks of the embrasures. 
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Tbe parapet, in this case, is represeutett by two parallel lines 
•niy, and each embrasure by two obbque iiix s lirawn across it, 
wbich sometimes meet in rear, forming an ucii<i loi>!c. 

In drawing a battery on a small scale, the pl.almias an n!*>o 
mnitted; but mortars arc usually lepresenud by muuU ciriKs in 
rear of tlie parapet. 

Draw two parallel lines to rejircsent the_ 

front of a battery. “ 

Represent three enibiasurc’* foi gun*' -- - 

towards the right, and bnir mortals to¬ 
wards the left, (if youi battery, in the manner ul>u\e desciilH*d. 

often made m batteries. One end of tlieiii is 
to the ciest of the parapet. 

Traverses neai the center of a battery are always laid out at 
fight angles to the parapet. 

Traverses, at the extremity of a balteiy, are gciieially laid out so 
as to form rather an obtuse angle wuli the fiU’e of the lutteiy. 

Draw A CENTRAL TBAVKKSI. betw'ccD the guns and mortars in 
your present battery, forming a light angle with tin face of youi 
battery. 

Draw two additioua! traverses, one at each extremity of youi 
batteiy, forming an obtuse angle with tlie face of it. 

*11118 being done, mb out superfluous 
parts of your original parapet. 

A franking traverse, at the extremity of a battery, is called an 

EPAULMENT. 



iverses an 
generally joined 



BAn'EKlES. 
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The section of cpauliiiettUt fiiffen very little from that of the 
parapet of the face of th** hatter> ; but they are uauatly made rather 
thinner, unless they should be cxpr>8(‘d to a direct hre. In that 
case they must have the same thickness as the jiarapet of the 
battery. 

Kpaulmcnts must he joined to the crest of the parapet. 

This is not absoliitel) nccessaiv in tia\erses, which are soinedaies 
separated from the |>arapet of the battery b} a small passage. 

Tiaveiscs of this kind aic culled i)iSKNG\G£0 TRAVERSES. 


Rub out the traverse, represented in 
}our pre<«eiif iigure, and draw a disen¬ 
gaged traverse in lieu of it. 




Trav(‘is(<« joined to a parapet at one end, like your former one, 
ai(‘ tailed rst.At.i.]) 6k AiTAtnrn traverses. 


Ill dtsnibiug a liattciy, when the term traverse” simply is 
im'iitioikil, without sjKciiynig particularly what kind of traverse it 
Is; ail engagt d truvei.se, as being the ino>t common, is always 
implied. 

A hatleiy, which ihiows its shot in a direction nearly })erpeii- 
dicidar to the line of tioops, or to the face of a work, against 
which it may beiiriitg, is called a direct battery. 

A battery, wliich tlirows its sliot in a direction oblique to the 
line of troops or to tlie face of a work, against which it may be 
firing, U called an oblioee battery. s 

A battery*, winch takes a line of troops or die face of a woii 
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exactly in flank, throwing its shot from one extremity of the line 
towards the other, is called a baking or enfilading bat« 
TBRT. 

A battei>, nhich takes a line of troops or the face of a work in 
rear, orin reverse, is called a reverse battery. 

Cons^uently, according to the direction in n hich they are fired 
upon, a line of tioops or the face of a work ma) said to be 
exposed toA direct iibf, av oblique fire, an eni it ading 
FIRE, or A REVERSE FIRE. 

i 

In a Are of cannon and musquetr)*, die balls arc imi>el1ed in a 
right line neariy;* from the muzale of the piece towards the 
object fired at. 

In a fire of mortars, on the contrary, the bomb or shell 
describes a considerable curve in its flight. It is first thrown 
upwards at an oblique angle, usually of 45% and falls down 
upon the object at tlic end of its course. 

From the difference just mentioned, a fire of mortars is some- 
limes styled A ^LKTKAL fire; whilst the fire of cannon or 
muaquetry is styled a horizontal i ire. 

It will be observed, tliat these terms are not strictly accurate, for 
a shell does not fall vertically in any part of its flight, and balls are 
seldom fired in a direction exactly horizontal.* They serve how¬ 
ever, in a general view, to mark the distinction between tlie two 
modes of firing. 


* TbiK term " nearly ” is used, because, strictly speaking, the balls 
describe a curve in tbeir flight; but these cunes are very inconsiderable, 
•xcept at long ranges, when the fire becomes uncertain. 
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CHAP. X. 

CONSTRUCTION OF THE SECTIONS AND PLAN OP A 

FIELD BATTERY. 

The three sections and the plan of a battery, which are now 
about to be explained, are aontained in the third and fourth 
platen of tins volume, but as usual, on rather a smaller seaUf 
than laid do\n in the texk It teas judged proper to divide 
them, in order to suit the size of the book; but the same necessity 
does not apply to the Learners, who may conveniently comprise the 
whole of these fgures upon a common-sized sheet of drawing 
paper. It will he observed that the following directions are 
call ulated for that 
purpose, and uhen 
the learners shall 
haic finished their 
drawings accord¬ 
ingly, the xarious 
figures, illustrated 
in this chapter, will 
be.,arranged within 
the limits of the 
same margin, tn the 
following manner.* 

This being explained, we shall proceed with our constructions. 


Section 1. Section 2. Section 3, 


PLAN OF THE BATTERY. 

I 

i 

I 

I 


* Before they do their finiilicd drawings, the learners ought previously 
to draw the sertions NOfiaratcIy on a larger scale, for a reason stated at tin 
•ad of the construction of Fig. d. See page 170. 
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1. Draw a rectans^fe for your margia, about seventeen and a 
half regular inches l>\ tw t ut^-five. 

2. Make a ^c.ile uf tui feet to an inch. It cote>tiu( ted u> 
folliiu s. 

Draw a right line ^fven iiK'lte* long: dnidc it iiitOife\ea equal 
parts; sidKinitU t!i« tiint diviuoii of it into ten equal parts : and 
make the nnddie subi’ivi'>ion more lun'^pu nous tlian the othei. 

Under the lift t \ti* niity (»t \our b< ale wiite the nunibei 10 ; and 
from iheuce uiito &u<.«-'^nelv under each division die hgim <>, and 
the numbeis^O, 'JO, I'», l(), :)0, and fiO. 

3. About two legular inches and Uuee ({tiniters below die t«*p ot 
}Our margin, diavv a line paiaUel to it, foi the ground lino of die 
aections which are about to be dtuvvn. 


FlCa IlK I. 

SECTION 01 V\ I EJ,N \iOKI \K BA'ITEIt^. 

4. At an> ciMivt iiitnt loi iii>t:m(<‘, at ufjoiit (wo and a 

garter rcgulai n.i!i(<« tMini thi Lft side of vour margin, iiiaik a 
point on voui ground lint, ioi du hottoin of the iiiteriui slope uf 
the parapet of )oiii battery. 

5. Set off I foot, lOj inches, for tin* base of die iiitenor slope of 
file parapet: raise a peipcndiciilar of 7 feel Ci inches, for the 
height of the parapet; and draw die iiiteiior slope, wliich will l»e 
in the proportion of one fourth of the height. 

6. From die crest of tlu parap« I draw a huri/ontal line, (»ut- 
wards, 18 feet long, for the tliickiiess of the parapet at top. 

From the extieiuity of this horizontal line, drop a perpendicular 
to the ground line, upon which perpendicular, set off 1 foot G 
inches, from the top downwards, to represent the dip of the para¬ 
pet, which will be in the proportion of one twelfth. 
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7 . Draw the superior s-lop 4 } of ihe patipet > 

The lower pait of the last drawn perpendicular will represent 
tlic exterior height t»f tlie parapet^ or in other words the height of 
the exterior slope. 

S. 'Die base of the exterior slope luuiil; be eijiial t# its hei^it, 
vliich is () feet. You will therefore set off this di'^taiicc upon the 
ground line^ and draw the exterior slftpc accordingly. 

!). Mak(‘ the benii ) feet wide, nieasiinag from Uie foot of the 
f xtei Kjr slope of iIm' parapet outw'ards. 

10 . J'loni th«‘ extremity of the benii, measure 6 feet further 
upon the giomid litfp, wlucli will be equal to the base of the 
u'ver'-e sUqte of tlu* diU’h. 

From thence di<»}) a perpendicular of (i feet for the depth of the 
ditch ; and join^the outside of the berm and the foot of this per¬ 
pendicular by an oblique line, in order to represent the reverse 
'^lope of the ditch, tlie proportion of which is as 1 to 1 . 

11 . Draw a horizontal line 14 feet 6 inches long, to show the 
width of tiki' ditch at bottom ; fiom the extremity of which raise 
a perpendicular nu'ctutg the ground line. 

i' 2 . Ill front of this perpendicular, set off 4 feet upon the 
ground line ; whii h will be equal to the base of the front slope of 
the ditcii. 

Join the point, thus maiked, and the foot of tl:e last drawn per- 
pendicular l)\ an oblique line, in order to represent the front slope 
of the ditch, which i.s in the proportiou of two thiids. 

l.‘J. At the distance of 7 feet in rear of the interior slope of your 
}>arapet, iiisirk a point upon the ground line for the front of your 
11101 tar platform. 

Let your platform be 8 feet long; and mark a second point 
upon your ground line, at the above distance in lear of the former, 
to show Uic tail of it. 

That part of die ground line, which is com|>reliended between 
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dwse two points, will reprewnt llM top of your platform, which ia 
supposed to agree with the ualtttnl ievd of die ground. 

14. Drau a line parallel to die top of your platform at the dis¬ 
tance of 4 inches below it. The space compichciided between 
die two will idiow the thickaess of the planking. 

15. Draw a second line parallel to the top of your platform, at 
the distance of 8 inches beloa|Kdie last drawn line, iii order to rejire- 
seat the bottom of a sleeper. 

16* Draw {lerpen^culaA 12 inches long in front and rear of 
your platform, to ^ow the extrtmiities of yoin planking and 
sleeper. 

It next remains to represent the incfividiud planks of die platform. 
These may of course be of vanous breadths; but in die preaehit 
instance, we shall suppose them to be each 1 foot broad, in which 
case mgfat planks will be sudicieut bar Ae whole platform. 

17. You will diorefore divide ^ length of your platform into 
eight equal paits, and atafl the points of division, thus found, draw 
small pt'rprndiriilars acioss die planking to show each plank. 

Your platfoiiii is now coinphte, it not being usual to lejiresi'iit 
the spikes oi screw s, in a st < tion dune on so small a scale. 

*riie inteiior slope of the paupet of a held battery is usually 
ttveted with sand bags or lasciiu's,'*' iithei of which materials will 
stand very well at a slope of une fourUi, such as we have given to 
our present figiiir. 

Let us suppose that our mortar battery is to be reveted with fas¬ 
cines. Before we proceed to represent this kind of revetment, as 
it appears in a section, some explanation of the nature of it Wrili 
he proper. 


m 

* In a aKNrtar battery, it b not always essenlialiy necessary to revel any 
^art of the parapet, aitboogb It ** usually done. In a gun battery, revet, 
meats ssay be coaaldered indispensable. 
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A gAsciN K is a faggot compoaed oCliiiij^iWOod, strongly pressed 
and bound together in a cylindiigpil form.. Fmcines are usually 
made of about 9 inches iu diameter, and m^y be of various 
lengths, but are seldom used less than sia feet long. 

In building with fascines, they are laid in couf|||ISB one aberre 
the other, so as to cover the whole slope pr surface, dvt is to be 
reveted; and tin* work is securetk by chiving pickets or stakei^ 
several feet long, through each fascia^ into the body of the 
parapet or oUicr mass of earth, which a revetment of th is kind is 
intended to letain. 

Xhesc particulars being explauied, we shall continue onr 
section. 

18. llie ^QEk.oHowest cpugyBLJoLaJhm:^ revetment is usually 
sunl^ few iiuihes in du* ground. You iwilFdierefore produce the 
interior slope of your parapet about A>.ioches below the ground 
line, to show the deplli at which the first course of fascines is 
proposed to be laid. 

19. Alark also a point gpon tlic interior slope, at the same 
distance below the crest of the para^iet. 

20. Divide the distance between the two points, thus marked^ 
into ten equal parts, in order to show the height of the several 
conracs of fascines, each of which is supposed to be about nine 
inches in diameter. 

21. Ten small circles of that diameter, must next be drawn to 
agiee with die above spaces, and in sucfi a manner, that the back 
of each circle shall touch the interior slope of the parapet. 

If your instruments are not fine enough to describe such very 
small circles in the usual manner, the most convenient method of 
drawing them will be as follows. 

First draw a line parallel to the interior slope of the parapet «t 
the distance of 9 inches in front of it; and afterwards draw 
perpendiculars to this line, from the various points whkh were 

'VOL. II. M 
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mftrked on the interior slopei in onler to show the height of tlie 
several rourses of fascines. 

By this means, you will form ten small squatcs, one abo\e ano- 
thefi equal to each other and touching the interior <«!ope of the 
parapet. 

Then by rounding off 6ie angles of all ihtse squares >ou will 
cmivert dietn into ton small circles of about iiuhe*i diametei, as 
above required, in onler to show the stvtial courses of fastines, 
used in sour revetment. 

TTie I ssciNE PicM'Ts ought next to Ik* represented, but as 
theie are pickets supposed to be diisen thioiigh eseiy cours<» fioiii 
the bottom upwards, as was befon* obsfrsed; tht whole of them 
would not be introduced in a figute dotie on so small a scale, 
without creating confusion. Wv shall tiunfoi^* only draw those 
pickets, which will be sufficient to c\| inn the ntethod used in 
driving them; iiameK, one puket tliroiigh the fourth, a setond 
througli the scseiith, and a third through thi tenth ni nppeiniost 
course of fast iti< s 

22. At the distant e of 0 feet fi s, in front of the inteiittr 
slope of jour parapet, mark a point u{>oii the ground line, in 
order to show die position of the shaip tnd of a picket, supposed 
to be driven thiougii the niiddlu of the fourth course of fascines. 

A picket usuallj tapers, being smaller towards the point than at 
the bead. On so small a scab it is not worth wliile to notice this 
difference. The sides of the picket maj therefore be represented 
by lines nearly parallel, so that the scctioii of it will exactly 
resemble tliat of a palisade. 

Draw the section of your picket accordingly, making it almut 
l| inch tfitcki Let it pass through the center of that (ircle which 
represents the fourth course of fascines; and let the sharp end of 
It terminate upon that point on the ground line, which was marked 
for the purpose of determining the position of the said picket. 

2S. Hirougb the middle of the seventh and Umtli courses of 
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fascines of your revetment, draw tii'O new psekets, in a direction 
parallel to that of the former picki^ and equal to it in length and 
thickness. 

124. A small portion of the original interior slope of the parapet 
rcnmitis above the uppermost fascine* Alter this part of your 
para{>et a little, by drauing a«iicn line with rather a greater slope: 
the above small portion of the interior slope being supposed to 
remain uureveted. 

* 

*1 

I’he section of your mortar battery is now complete. ^ 


FIGURE II. 

SECTION or AN ELEVATED GUN FATTEftV. 

12.3. At ain c(>ii\cn:tMit distance, not likely to interfere with your 
former ligiire, for instaiu o, at about twelve and a quarter regular 
inches from the loft side of your margin, mark a point, upon the 
same grouud line, to represent the bottom of the interior slope of 
thcpara|>et of your propiised gun battery. 

26 . Make (he base of tiie interior slope of your parapet 1 foot 
lOi itiches. Let your parapet be 7 feet 6 inches high ; and draw 
the interior slope, \>hich will be in the proportion of one foortii of 
the height. 

27 . Make your parapet 16 feet thick at top; give it a dip of 

1 foot (j inches, which is in the proportion of one twelfth $ and 
draw the superior slope. * 

Draw also the exterior slope of your parapet, making the base 
of it equal to its height, which is 6 feet. 

28. Make the perpendicular height of the sill of your embira* 
sure 2 feet 9 inches above the ground line, by marking a point at 
dial height upon the interior slope of the parapet. 

M 2 
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£9* From the abm p<^t draw a li(mzontal line, outwarda, 
in length) from the extremiljr of which drop a perpendicular of 
6 inches. 

Join die sill of the embrasure and the foot of this perpendicular 
by an oblique line, which you will produce until it meets the 
exterior slope of the parapet. * 

This oblique line w'ill represmit Uie sole <»f the embrasure, which 
has a small dip or slope downwards. The above horizontal line 
and perpendicular are imaginary lines, andflwere drawn merely for 
the purpose of determining the said dip, which is in the proportion 
of one twen^fourth. ^ 

30. In rear of the parapet, set off 15 feet upon the ground linq, 
for the length of the platform; and raise a perpendicular of 10 
inches to show its rise. 

31. Join the top tins perpendicular and the bottom of tlie 
interior slope of the parapet by an oblique line, which will repre> 
sent the top of the platform. 

32. Parallel to the top of your platform, at the distance of 
inches below it, draw a line to show die bottom of die planking : 
and at die distance of 0 inches below die plankii^, draw a second 
parallel line, for die bottom of a sleeper. 

35. Upon the front of your sleeper, and touching the parapet, 
describe a hgure resembling a small square, having its sides each 
8 inches, in order to represent the hurter. 

34. Divide the remainder of your platform, in rear of the 
hurter, into 15 equal parts, and at each point of division, draw 
small perpendiculars across your planking to represent individual 
plaidcs. 

4#* . 

Draw also two small perpendiculars for the ends of the sleeper. 

The section of your platform is now complete; and it only 
remains to represent the form of the ground behind it, a part of 
which is supposed to be raised as hi|^ as the rear die platform, 
in Older to pve if^roper solidity* * 
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35. For this purpose', from die highest of the tail of your 
platform, draw a horizontal line backwards, 2 dtet long, to repre¬ 
sent a portion of die ground immediately bdiind it, which may be 
made level. We shall suppose die remainder of the nused ground 
to be formed with a slo}>e. 

36. From the extremity of your faoilaontal line, drop a per¬ 
pendicular to the ground line, to show the height of the smd slope, 
in rear of uhich set off 2 feet G inches upon dm ground line, for 
the base of it, and draw the slope.* 

S7. Male the berm of your battery 3 feet wide. 

"8. Set off 6 feet for the base of the reverse slope of your 
ditch; and draw the said slope, making the ditch G feet deep. 

fQ. Make your ditch 11 feet wide at bottom: and draw the 
front slope of the ditch, giving it a base of 4 feet. 

'ITip ditch of your gun battery, which is now finished, is made 
smaller than that of tlu mortar battery, which you before drew, 
although the pani}Kts iii both sections have the same general 
dimensions. The reason of this difference may easily be under¬ 
stood. The parapet of the guii batteiy has embrasures or large 
openings left in it at ceitain inteivais ; whcicas diat of the mortar 
battery is solid throughout. Consequently the former requires less 
earth than the latu r; and may be supplied from a smaller ditch or 
excavation. 

In a gun battciy, not only the interior slope of the parapet, 
but also the cheeks of the embrasures are reveted. Hie former 


* In the rough section of a gun batteiy, contained in the preceding 
chapter, the slope is represented close to the tidl of the platfinrm, wifliOiit 
any level space betweeiu That method would be.too weak in practiee, as 
may appear evident on inspecting the figure alluded to, which was drawa 
merely for the sake of explanation (See page 153). 
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dMvId have a slope ol at least one fourth, as represented in our 
figure; but m the revetment of tlie checks, the slope is usually 
duninished to one sixth of the height. 

The section of your gun batteiy* is now complete; with the 
exception of the revetments, which wc shall not introduce in oui 
pnseQt figure, as they might make it appear confused. 


FIGURE III. 

SBCnON OF THE EPAULMENT OF AN ELEVATED 

BATTERY. 

40. At any convenient distance, not likely to interfere with your 
last figuie, for instance at about four regular inches and three 
quarters from the light side of )(>ur margin, mark a point upon the 
same gtound hue for the bottom of tlic interior viopc of the 
epaulnient. 

41. Make the base ot this slope 1 foot 10] inches: let die 
height of the epaulment be 7 feet 6 inches; and draw the iiitenor 
dk>pe of your epaulment accordingly. 

42. Make your epaulment 12 feet thick at top, which is two 
dmds of die usual thickness of the parapet of a battery. Give it 
a dip of 1 foot 6 inches; and draw die exterior slope of your 
epaulment, making the base of it equal to its height, which is 
6 feet. 

4S. Make the berm 3 feet wide. 

44. Make the reverse slope of die ditch of vour epaulment 
6 feet: let the ditch be 6 feet deep, and C feet 6 inches wide at 
bottom; and give it a front slope of 4 feet. 

, Qur aectkm b now complete, ,jpridi the exception of the revet- 
Bent, which we shall next proceed to draw. 
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Let uh suppoiH} that tlic batteiy, of vhwli our present figure 
repieseiilb the epaulment, is reveted uidi sandbags. 

Sa ndbags are stro ng bags of an oblong k»m. ishich when 
requiied for use are filled'wil^ earth and tied up. They are tlieu 
built 111 courses, iti propoition as the work is raised of which they 
are to foiin the ie\etnieut, and are faid exactly like bricks or 
stones in the front i>f a wall, being disposed alternately as headers 
and stretchers.* Cunseqiientljr, when viewed from a certahi 
distance, a sandbag revetment has very much the appearance of 
a stone wall. 

Wt shall suppose tlie average Icugtli of each of the full sand¬ 
bags composing the revetment of our battery to be ^ feet, their 
average widtii to be 1 foot, and their average depth 6 ioches.t 

It is usual iu practice to level the ground for the first course of 
sandbags, sometimes sinking a few iochesj^low the surface, in 
order to give it a proper bed or fijulEiiOT; but ‘if is uot vvoitli 
while to notice the groove, which may thus be formed, on so 
small a scale as that of our present section. 

4.). You will therefore divide the interior slope of your battery 
into 1 .') equal parts, and niaik points according!), to represent the 
height of die several couises of sandbags, each of which, as before 
mentioned, is supposed to be (i inches high. 

From the vaiioiis points, thus marked, draw short lines, out¬ 
wards, parallel to die giouiid line, in order to represent die top 
and bottom of die several courses of sandbags. 


* In liiiililin]', a stone nr Iniek i!i called a header, vvlicii one end of it 
agree.; whli ttx* l,u o or aurfaee oi u wall; but if laid in sucli a manner that 
one i>t its sides agrees with the tace of the Wall, it is termed a stretcher. 

t The actual dimensions of the sandbags used in the British service are 
a little less than the above, which have beeu chosen iu prefereneo, being 
whole numbers. ** 
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46. In front of the bottom of the interior riope of your rpaul- 
ment, mark a point upon the groundlioe, at the distance of 2 feet; 
and from this point, draw a line parallel to the interior slope, 
meeting the first or nearest of the last drawn parallel lines. 

This will form a small parallelogram resting on the grotindline, 
the base of it being 2 feet, and its height (i inches, which is 
intended to represent a sandbag of the first or lowest course of 
the revetment, supposed to Im* laid as a header. 

Every alternate course of sandiiags is supposed also to be 
laid as a header; and die top and bottom of every course is 
already draw u: it dierefore only remains to diaw the back of each. 

47. Parallel to the interior slope of the epaulineut, and at die 
distance of 2 feet measured horizontally, you will therefore draw 
lines to represent die bapk of each of the reroaieing odd courses of 
your revetment, commeiicinff with die 3d, 5th, 7di, &c. and 
continuing in die same uiamidK in regular order, until the whole 
are finished. Tins being done, all the odd courses in your sand¬ 
bag revetment will be represented by small parallelograms equal 
to each other. I'ltc even courses must neit be draw'n; which is 
done according to the same method nearly. 

dA. Upon that line, which represents the top of the first or the 
bottom of the second course of sandbags, mark a point at the 
distance of 1 foot, measured horizontally from the interior slope 
of the epauhnent; and from diis point draw a line parallel to the 
said slope and meeting the bottom of the third course of your 
revetment* 

By diis means you will have formed a new- parallelogram, 
amaller than those which you before drew, but of the same heigiit. 
This is intended to represent a sandbag of the second coinse of 
the revetment, supposed to be laid as a stretcher, and which con¬ 
sequently occupying less depth in the section of a work, than 
qnotfaer sancBiag'Of equal size laid as a heade^ would do. 

49. Represent, in the same manner, the back of all the remam* 
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iiig even courses of your reveUneilt, that is to tay of the 4th, 6th, 
8U1,10th, &c. &c., by lines drawn for that purpose, parallel to the 
interior slo]>e, at the disiance of 1 foot set off horizontally. 

This being done, the u hole of the courses of your sandbag revet¬ 
ment will be represented in your section by small parallelograms of 
t\^o different .si^e^, the longest of them representing die headbss, 
and the oUiers the stretchers. These small figures must next 
be altered a little, in older to give them a more exact resemblance 
of handbags. 

.)0. Round off in a «mnll degree all the angles of your parallelo- 
grams, Init paitirularl^ of those ends of them, which are supposed 
to be sunk or buried in the body of the parapet; besides which, 
}ou ^\iIl further alter your headers, by making to the buried end of 
each a small addition, in order to represent die form of the neck of 
the sandbag, uhicli is supposed to be tied op, as was before 
observed. 

The revetment being now correctly represented, your section is 
( oinplete. 

. ol. Pen vour thice secyons, leaving breaks in the groundline 
between them, to show Uiat they are distinct figures; and dot the 
imaginary lines, excepting that perpendicular in your first figure 
which represents the interior height of the parapet, as also the cor¬ 
responding per|)endicular in your third figure; neither of which 
could well bi‘ introduced, without making the revetments appear 
confused. 

.52. Over }our first figure, write, in ■ conspicuous manner. 
Section of an elevated Fascine Mortar Battery. 

S3. Over your second figure write, in a conspicuous manner, 
Section of an elevated Gan Bmery. 
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54. And over your third figure, tirite, in a rotispicuoui) manner, 
SectiQH of th Epaulment of m oievated midbug Jiatterf/. 

Eefore the Learners drau' their sections on a scute of ten feet to 
an iitch as above directed^ in aider to form part of a complete 
droning, including also the plan tcithin the same margin , it icill 
he best for them to dram the sections heparaiety on a much lar^ei 
teale, suck as Jive j'eet to an inch,* because the former scale zcill 
scarcely he latge enough to give a just notion of the Muallci parts 
if a buttery, as represented in a section, unless the dmuutg 
execiUed Kith very great neatness and accuracy. 


PLAN OF AN ELEVATED BA'ITERY FOR rURr.E 01 \S 

AND FOFR MORTAR.K. 

1. At any comenient distance, for instance at about nine rt*gulai 
inches and a quarter, below the giound line of >oiii sections, 
and parallei to it, drau a right line acro^b sour paper to leprescnt 
the bottom of the interior slope of the parapet of )our proposed 
battery. 

Tlie leogtli of the battery, uhicli must be set ofi'iipon the abo\e 
Itn^will be as follous. The tliiee guns, at 18 feet each, uhicli is 
the usual interval allow cd per guii, will take up a space of 54 feet: 
the four nu^rs, at la feet per mortar, will re(|u*u'c a space of (lO 
feet; and we shall allow IS feet for the breaddi of the base of a 
traverse, supposed to be placed between tiic guns and inoitars. 
This gives a total of l i26 feet for ttie length of the batterv, exclu- 
l^ve of the epauiments. 


* la a scale oi' 4 or 5 feet t<y an inch, the liiir dra^ ii for that pur¬ 

pose should not he divided into parts of 10 feet, bnt into divibions of 1 foot 
each, and the left division of the sealo ahooid be Mibdivided into parts of 

9 



CONSTRUCTION OF A FIFLD^ATTERY. 171 


(2. Bisect the line which you have just drawn, and from the mid¬ 
dle of it set off Off feet each way. The two new points, Uiua 
found, will (»f couisc be 126 feet distantffotn each other; and the 
space rompreiieiided betucen them niU tlierefore represent the 
total IcntrUi of the battery, the center of which will, by this 

t 

arTanjrcineiit, us;ii'e with the middle of your paper. We shall 
suppose the guns to be placed at tlie right, the mortars at the left 
of tlic bath I y. 

i'roiu that point, updn the abo\c line, ahicli represents the 
left e.vtirmih of \oiu' battery, you will therefore set off 60 feet 
for the cxtt'iit i»f your luoitar battery; to the right of which set off 
12 feel for the traverse. Tiie remaining 54 feet will show die 
extent of the gun battery. 

4. From those tuo points, which malic the width of your tra^ 
verse, drop (lerpciidicidars, each 18 feet long, to show' the length 
of it. 

Join the oxiicinitics of these two perpendiculars by a right line, 
and the form of the base of your traverse will be complete. 

'Phe epuuiineiits of your battery must next be marked out, which 
IS gt-nei ally done by gi\ iitg them a certain splay outwards, so that 
each of them shall form a moderatdy obtuse ai^le with the face 
or front c»f the battery. Let us suppose tli at 1 f oot i n 4 is coin 
sidered a good proportion for the above splay. The epaulments 
win tlKii be diauii as follows. 

5. From the extremities of your batteiy drop perpeiidicularB 12 
feet loug, and from the ends of tliese perpendiculars draw lines, 
outwards, parallel to the face of the battery and 3 feet long. 

6. From ea<'li extremity of your battery, draw an oblique line 
through the cud of tlic nearest of the two last drawn lines; and 
make these oblique lines each 26 feet long. 

The two oblique lines, thus drawn, will represent the bottom of 
the interior slope of your epaulments. 

The base of the parapet of your battery is supposed to be 25 



178 


ELEMENTARY FORTIFICATION. rH4F. x. 


fMt 10} inches mride, as may be observed by referring to vonr first 
and second sections; but the base of the epaulmeiits of \our battery 
ia supposed to be only 19 iaet lOi inches wide, as may be ob<»cr\'ed 
by rtfeiring to your third section. 

7. In front of that line, which represents tiie bottom of the inte¬ 
rior slope of the parapet of )fOur battery, you u til therefore drau a 
line parallel to it at the distance of 25 feet 101 inches, in order to 
represent the foot of the exterior slope of the parapet. 

8. And in front of those two lines, 'w inch represent Uie bottom 
ci the interior slope of the epaulments of your batter^, diau lines 
parallel to them, at the distance of 19 feet lOl luriies, to ri'pic- 
sent the foot of the exterior slope of the said epaulments. 

9. You before set off 26 feet for the length of each of your 
epaulments. From the points tlius marked draw perpendicu¬ 
lars outwards, as far as the exterior slope, to show the extremities 
of them. 

10. The base of the interior slope of the parapet, as also of the 
Upaulments, and of tlie traverse of your batter), bemg ever) where 
equal to 1 foot 101 inches; )ou will draw lines outwards, at the 
above distant^, parallel to those lines winch represent the bottom 
of the various interior slopes. 

Tbe last drawn parallels will represent the interior crest of the 
pimpet of the battenr, as also the interior crest of each cpaulincnt, 
and the eresis of the traverse. 

11. In rear of those hnOs, which represent the foot of the 
exterior slope of the parapet and of the epaulments of )our 
battery, draw lines paialtel to them, at the distance of 6 feet, 
whkh is the space allowed for the base of the exterior slope of 
each. 

‘The la^ drami lin^ will represent the exterior crest of the 
parapet, an4 of fh« two epaulments, of your battery. 

We shall suppose that the extremities of the epaulments of our 
IpUteiy are uvuveted, ^and that diey are formed with a slope 
whose base is equal to its height. 
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12. From the extremities of your two epauimentSi upon those 
lines, ^hich represent the interior^ciest of each, you will therefore 
set off 7 feet 0 inches, which is equal to the interior height of the 
cpauluicnt. 

Ami upon those lines, which represent the exterior crest of each 
epaiilmcnt, vou will, in like maimer, set off 6 feet, which is equal 
to the exteiiur height of the epaulineut. 

l*hc above distances are intended to determine the base of tha 
slope of tlic extremity c f each epaulmeut. 

13. Connect the adjoining points, thus marked, near the ex¬ 
tremity of each epaulment, by right Imes; and from the ends of 
these riglit lines, diaw oblique luies to the nearest angles of the 
extremities of your two epaulments. 

Thi» being done, you will have a correct representation of the 
extremities of each of your epaulments, ais they ought to be laid 
down ill tile plan of a battery, under the supposition diat they have 
tlie above-mentioned slope of 1 to 1 . 

It was before stated, that die meeting of two oblique planes wdll, 
in all cases, necessarily form either a ridge or a furrow, as may be 
observed in the roofs of houses: and the same diing of course holds 
good ui woiks of fortification, where by reason of the various slopes 
commonly used, many oblique planes are constantly combined 
together. 

The ridgox and furrows, thus formed, like those of the glacia 
and ramps, which you have already drawn, are always represented 
in a plan by right lines. 

14. Join all the opposite angles of the crest and base of your 
traverse by right lines, for the above leavon. 

At the fiont of your traverse, where it is connected with the ' 
parapet of die battery, these lines will represent furrows: at ffte 
rear of your traverse they will represent ridges. 

15. Join also the opposite an^ei of the shoulder of bit- 
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lei^ by right lines, which will sliow the furrows, foitncd by the 
tnceting of the inttnor slopes of the parapet and cpiilineiits ; as 
also the ridges, fonned by die meeting of their suptiior and e\tt'> 
nor slopes. 

16. In the space ot .>4 feet, win* h was oiigiually marked for the 
extent of your gnu battery, set off 9 leet bum the two evticmities 
inwards. 

17* Bisect the distance between the two points tini** found, 
which will euc you a third |>oiut. 

The abo\e three points, which aie cvactK 18 feet apart, will 
diow the center of each embrasure. 

18. Through these points draw perpendu inki^‘ctuig the 
parapet, which you will also produce to some d'stanct in leji of 

nt dit lines of hre of yoiir tint c gnnv. 
st'ctioii of your gun buttery you will find that 
the height of die sill of your i mbiasute is *2 feet 9 iiuhis. 

19« From the poiuLs above marked, \ou w.U tlKulme set ofl 
84 iuebes, outwoids, itj on tvciy iiiii ol h<(, to upiistiil the ban 
of the slo|>e of die siil of each cinbiasLic, which in supposed to 
be equal to one fouith of iii> Ini^ht. 

20. Through die new points, th*i> found, diaw lines paralh 1 to 
die face of the batUiy, and 2 feet I! niches long, one half of 
vhicdi length must be set off to die light, die olhei half to the left, 
of each line of dre. 

The last drawn lines will represent the length of the sill of the 
embrasure, or in other words the width of die neck of the cnibra> 
sure at bottom. 

21. In front of the sill of evciy einbrasuie, measuie 18 feet 
upon the hoc of dre, on each side of winch point, set off 4 feet 
6 inches, upon a Ime drawn parallel to die face of die battery. 

The line^ thus drawn, which arc 9 Icet in length, show the 
width of the embrasures towards the front, at the distance of 18 
feet lipin the silL 
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GC. I'rom the right and left extremities of the sill of every 
embrasure, y<»u will tlieiefore drsw oblique lines through the cor¬ 
responding extn'mitir-* of the last drawn lines. 

I'hese obliipie Hik s correspond witli the bottom of the cheeks 
of the einbraHuies, and at the ^an)e lime show their splay. 

ill the s< ctioiiof an ile\ated aitii battery, which you before drew, 
if you drop a perpendicular from the inoiitli of tlie embrasure to 
the ground line, and measure the distance between the bottom of 
this peipiiidiciihti and tiie fixitof the exterior slope of the parapet, 
you will iind it to he 1 foot Jtt inches. • 

GJ. The .if)o\e distance rcpre.sents the base of the exterior Slope 
of the tmhrnsiue: }ou will therefore, upon each line of fire, in 
}oui plan, set otV i foot inches ill rear of the foot of Uie exterior 
slope of the puiapet, and throi^li the points thus found, draw 
right lines paiallcl to tlie face of your battery. 'Ihese lines will 
represent the mouths of your embrasures. 

‘J4. Piodiiee the bottom of the cheeks of your embrasures, out¬ 
wards, itulil they meet Uie last draw n lines; and the form of the 
soles of your embrasures will be complete. 

The slope of tilt checks of your embrasures must next be repre¬ 
sented, whit it wc shall suppose to be in the proportion of one 
sixth of then height. 

Jn order to do this properly, you must refer to the section of 
your elevated gun battery; and measure the interior height, as also 
the exterior heigiit of tlie merlon, taken vertically, above the sole 
of the embrasure. 

'llie iiit(‘iior height of the merlon, measured vertictdly, as above 
directed, will he found to he 4 feet 9^ inches nearly* 

Go. You will therefore take 9^ inches, which is one sixth of 
the above height nearly, and set it off, in your plan, from the 
cheeks of all your embrasures, outwards, in a perpendicular 
direction, so as to cut the interior crest of the parapet. 

In like manner the exterior height of the merlon, measured verti- 
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cailj, by referring to )our section, as above directed, Mill be 
found to be 4 feet 0^ inches nearly. 

26. You M’ill therefore take H inches, mIucIi is one !»i\di of tlu* 
above height nearly, and set it off, in }Our plan, fioiii the checks of 
all your embrasuies, outM'ards, in a perpendicular direction, so us 
to cut the exterior crest of the para{M't. 

27* Join the coiiesponding points, thus inuiked, near tiu* 
cheeks of each embrasure, by drawing right lines betwt'cn the 
interior and tin* exterior crests of the paiapct. 

The last drawn Uiies wrill show the to]i of the cheeks of all ihr 
enbrasures. 

28. Connect the extremities of the abo\e lines, and tlie adjoin¬ 
ing angles of the sole of each of your embrubuies. 

This being done, the embrasures and merlons of >our gmi 
battery will be complete. 


29. Draw lines puruilel to tlie foot of the e\t( lior slopes of youi 
battery all round, at the di«tancc of J fed in front of them, in 
order to show the bitadtb of the berm. 


Draw a second set of parallels in front of the berm, at the 
distance of 6 feet, in oirirr to repres(‘nt the extent of the base of 
the reverse slope of the ditches of your battery. 


As the ditches of the gun and mortar batteries are supposed to 
be of noequal widths, you will draw a perpendicular from the foot 
of the reverse slope of your battery outwards, in the direction of 
the right side of the base of your traverse protluced. 'I'liis line is to 
mark the division betw'een the broad and the narrow parts of the ditch. 


SI. Make the ditch of your mortar battery 14 feet (> inches 
wide at bottom, drawing a parallel at the above distance, to 
represent the outside of the bottom of it. 

32. Make the ditch of your gun battery 11 feet wide at bottom, 
drawing a parallel at the above distance to represent the outside 
of the bottom of it. 
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The broad part of the ditch is continued, not only in front of 
the parapet of the mortar batter^, but also before the traverse, in 
the manner now represented in our 6gures, because traverses likc}- 
wise require a considerable additional quMthy of earth; so much 
so that, ill making them, it is generally found necessary to procure 
materials from the rear of the battery. 

33. Make the ditches of your epaujmeiits fi fc^et 6 inches wide 
at bottom, drawing parrallels at the above distance to represent the 
outside of the bottom of each. 

.‘54. .Set off 4 feet, all round, for the base of the front slope of 
the ditches of \ our battery ; and draw parallels, at the above dis¬ 
tance, to mark the extent of it. 

3.>. Produce outwards, beyond the berm, those two perpen¬ 
diculars, which were first drawn, in representing the extremities' 
of the epaulments of your battery; and let the.se produced lines 
mark the extremities of tlie ditches of the said epaiilments. 

‘5(). The extremities of the ditches of your epaulments may be 
fopiied with a slope. Parallel to the last drawn lines, at the dis¬ 
tance of 4 feet, you will therefore draw lines across the bottom of 
tlie ditches of your epaiilments, in order to show the extent of the 
ha.se of the said slo|>e. 

'Die broad and narrow parts of the ditch of the front of your 
battel y may aiSo be formed so as to meet each oUier with a slope. 

37. To the right of tliat perpendicular whidi marks the dtvidon 
between tlie broad and narrow parts of your ditch, and parallel to it, 
at the distance of 4 feet, you will therefore draw a right line to show 
tlie extent of the base of the said slope; and produce the top of die 
front slope of your mortar battery, until it meets the last drawn line. 

38. Draw lines connecting the corresponding points of the top 
and bottom of the ditches of your battery, at eveiy angle, in order 
to represent the lidges and furrows formed by the meetii^ of 
the vaiious slopes. 

The whole of the ditches of your batteiy are now coni|dcte; 
and it only remains to draw the platforms. 

▼oi. II. N 
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39* Upon each line of fire of your gun buttery, set off 15 feet, 
from the bottom of the interior slope of Uie parapet, backwards, in 
onler to show the length of the platforms; and through the new 
points, thus marked, draw lines parallel to the face of the battery, 
to represent the posiuon of the tail of each platform. 

We shall leave that platform which is to the right of our gun 
battery, unfinished for tlie present, so that you will apply the 
following directions to the construction of the two other platfonns 
only. 

40. To tile right and left of the line of fire of each of the two 
left guns of your battery, set off 4 feet 6 inches upon tlie bottom 
of the interior slope of the para[>et. 

And to the right and left of each of the same lines, set ufl' 7 feet 
upon those lines, which were before drawn, in order to represent 
the position of the tails of your platforms. 

The poiuts, thus found, will determine tlie widtli of your plat¬ 
forms, which is 8Up{M>sed to be 9 feet in front and 14 feet in reai 

41. Draw the sides of your platfonns. 

42. Draw a line parallel to the front of each fdatforni, at the 
distance of 8 inches in rear of it, iu order to represent tlie back 
of the hurter. 

43. Divide the remainder of the lengtli of each platform into 
15 equal parts, marking points for that purpose upon the line ol 
fire; tfaiough which points you will draw right lines parallel to 
the front of the platform, in order to represent the joints of the 
planks. 

In the right platform of our guti battery which remains to be 
. drawn, we shall suppose that the sleepers only are laid. The 
manner of drawing a platform in this imperfect state is as follows. 

44. Instead of 4 feet 6 inches take only 4 feet, and instead of 
7 feet take only 6 feet, and mark points accordingly, at the above 
distances, to the right and left of the line of fire of your unfinished 
platform, in front and in rear of it; in die same manner that you 
set off the width of your former platforms. 



CONSTRUCTION OF A FIELD BATTERY. 179 


43. Draw right lines connecting the corresponding points thus 
marked, in ortlcr to show the exterior sides of the right and left 
^le(‘per of your platform. 

4^. Make the above sleepers G inches wide. 

47* Exactly half way between these, draw die renter sleeper of 
your platform, making it also G inches wide, the middle of which 
will of course exactly agree with the line of fire. 

48. Bisect the distance between the center sleeper and each of 
th(‘ otheis, iHith ill tiont and in real of your platform. 

'I'hc piiints thus found will give you the position of the middle of 
the secfind and fourth sleepers, which you will draw accordingly, 
making them G mi lies wide like the others. 

40. Draw two small circles of about three inches diameter, 
near the front and rear of each sleeper, and touching the sides 
of it, in order to represent the heads of pickets, whiidi are some* 
times diiien into tlie ground, for the purpose of steadying the 
sleepers. 

>(). U[)ou your two former platforms draw lines to show the 
position of the center of each sleeper. 

Upon or near the above lines mark five points on every plank, to 
represent the heads of spikes, supposed to be driven through it into 
the sleepers, for the purpose of confining it in its proper place.* 

These points may he inaiked, not exactly in the middle of 
each plank, but alternately towards the front and rear of it, as 
the latter is usually considered the strongest method of spiking 
dowm planks. 

In drawing the plan of a halter^ an a very large scale, such 
as 4 or 5 feet to an inch, the back and front of each barter would 

require to be altered from their present form, in the manner 

\ 

* In drawing platfonns, or other woodworic, on a much laiger scale, the 
heads of spikes might of course require to he represented by small oheles, 
instead of pidnts. 

N 2 
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directed in Nos. 5 \ and 62; but on so smatl a ^cafc as \0 feet U> 
«n incht it tj not worth tekiie to make the alteration alluded to. 
The Learner may thereforcy in constructing his hatteryy proceed 
to No. 5:} at oncCf without nottcing the intervening paragraphs, 
which are introduced merely for the sake of rendering the direc¬ 
tions complete, so as to apply to any other larger scale, that 
might be used. 


It is> to be observed that the liurter lises «t*arl\ 0 inches :^h^•^r 
the bottom of the intnior slope of the paiapet; as also abo\e tin 
adjoining part of iIh^ platform: and the back of it is laid parallel 
to the interior slope, whit h is in the pioportion of one foiiith oi 
its height. 

Consequently the back of the hiiiUr must also ha\e a simiiai 
*Io{>e. 

)1. Ill front of that line, which represents the hack of t ac h 
hiirler, you^\ili tlieiefore draw a second line paralh I to it, at tin 
distance of about II inch, in order to leprescmt the bust <ii tli« 
above slepe. 

For the same reason the front of the huitei ouuht not exaciN 
to.agree with the bottom of the interior slope of the paiapet, a^ 
at present represented in our iigiin*, but uitli a part of the siopt. 
about 6 inches higher. 

52. In front of tlie bottom of the interior slope oi tin* parapet, 
and parallel to it, you will thciefore draw lines at the distance ol 
1 \ inch, in order to represent Uie proper position of the front ol 
each hurter: and produce the sides of every platform until thc,> 
meet the siud lines. 

53. Near each end of every hurter represent a spike, plac iiig 
the saki spikes over die middle of the outside sleepers. 

Your gun platforms arc now complete, as far as is intended, 
two of diem bding represented in a finished state. 

.54. In the space of feet, which was originally marked foi 
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the exti'iii ol 3 UU 1 mortal batUr), set off feet from Uie tuo 
c\tii‘iiiities inwards; and divide the iutermediate space into three 
equal parts. 

From till vaiious points, thus marked, uliich will be 
i \a(tl> T > f* it apart, diaw perpendiculars, backwards, to represent 
the hilt of iiie of vour four mortars. 

And upon tliene peipendu ulai s at the distance of 7 feet in rear 
of the bottom of the iiiteiior sio) e of tiii paiapcU set off 8 feet 
toi the Iciii'tli oi t'adi plattoini. 

')(> Make }uui mortal plationii'- s (• a wide, and draw the 
tliut lelt pLitluims of vour battciv .utoidinglv, m the fonii of 
legulai squart s, si ttiiis; off out iiait ot the aho\e width to the 
iieiit, tilt othti halt td it to the leit ol oath liiif ul tiie. 

.;?• Divide till It iigti) of each ot the above three platforms, into 
right equal parts, and through the points of division thus found, 
diaw lines parallel to llit liotU of your platfoini.<«, to lepreseiit the 
of iliL planks 

In otn n nainiiig plationn, whicli is not >et diaw 11 , we shall 
«ii|)|>osi thi si) t ju IS to ht laid oniv. ^ 

'Fill tiigh tlio'fc two points, which weie previously marked 
to sho^^ till length of tin abovt platfoiin, draw lines parallel to 
tlu bottom ol die interior slope ol the parapet, to show the posi¬ 
tion d tin ends of tlie sleepers. 

o<) At tin distance of 3 feet 0 inches to tlie right and leff of 
iht Inu *d the of >oiir unfiiiished platfoim, draw hues parallel to 
it, t<» show thi ('\teiior sides of the right and left sleepers; and 
diaw tin said sj(>epeis, making them 8 inches wide. 

()() Diaw two new sleepeis between the former, parallel to 
them and equal to them 111 length and width; taking caie to 
divide the distaiue in such a inanner, that all the intervals between 
your four sleepers shall be equal to each odier. 

f)l. Neal the front and rear of each sleepci, on both sides of it 
and touching it, draw small ciicles of about S iuche.s diameter, to 
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represent the heads of pickets, which are bometimes driven into the 
ground, for die purpose of steadying the sleepers. 

62 . On your three former platforms, draw lines in order to show 
the position of the center of each sleeper. 

63. Upon or near the above lines, mark four points on every 
plank to represent the heads of spikes, in the same manner that 
you before represented the spikes of your gun platforms. 

This being done, the plan of your gun and mortar batteiy will 
be complete. 

64. Pen your plan, reprcsoiiting the interior crest of the parapet 
and epaulmeiitb, as also the crests of the traverse, and the back of 
each liurtcr, by thick lines. 

65. Dot the line of fire of your right gun, and of your right 
mortar. Dot also tliosc imaginary lines which were drawn for the 
purpose of determining the splay of die einbrasure of your right 
gun, and that of the light epaulnient of your battery. 

66 . lu any convenient place, near the bottom of your drawing, 
iusert a finished scale; and pen it. 

67. Over }our plan write, in large letters, plan of an f.le* 
VATED BATTERY FOR THREE CrVS AND FOUR MORTARS. 

68 . Over your scale, write the wotds, Scale of 10 feet to an 
inch. 

6Q. And finish your margin in the usual manner. 


REMARKS. 

^The field batteiy, which you have now drawn, is supposed to be 
an offensive batteiy, such as might be used in a siege. 

Hie ditches in your figure are drawn of a more regular form, 
dian would be necessary in actually constructing a batteiy of this 
description. Tlieonly thing essential in practice, as fin* as regards 
th^ ditch, is to give the reverse slope of it, a sufficient, base to 
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prevent it from fallitig. If this is done, and a berm of two or 
three feet left, the stability of the parapet will be provided for. 
Independent of its contributing to the above object, the berm is 
also useful during tlie construction of a field battery, and dierefore 
sliould not be omitted. Hiesc points being attended to, any irre¬ 
gularities in the form of the outline of the ditch, or in the depth or 
width of it, are not of importance, urn* is the front slope of it of 
the least consequence; because the security of the parapet does 
not in any degree depend upon it, so that it matters not whether 
that sidt> of the ditch stands or falls, lliis remark applies to 
offensive batteries only, in which the principal or sole use of the 
ditch is to supply materials. In defensive field works, on the con> 
trary, no less attention must be paid to die form and preservation 
of the ditches than of the parapets. 

Experience has proved that in militaiy works, one cubic yard of 
excavation from a ditch or trench, will furnish as nearly as possible 
the exact quantity of materials required for completing one cubic 
yard of rampart or parapet; provided that the soil excavated is in 
its natuial state, not previously loosened by artificial means, and 
that, in forming the work, the proper precaution of ramming or 
otherwise pressing it into a compact mass has been taken. Hicsc 
suppositious generally hold good in works of fortification, and may 
tliercfore be assumed as just grounds for calculation; but if such 
were not the case, as for instance, in works executed in a loose 
slovenly manner, the proportion between any excavation and the 
elevation of earth formed from it, might vary considerably from the 
above ratio. 

But, although in conformity with the rule, which has just been 
stated, I have supposed the total quantity of earth, excavated 
from the ditches of our battery, to be nearly equal in measurement 
to the quantity contained in the parapets and epaulments; you will 
find, on examining any of the sections, diat die area of the excava- 
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tioiiy there represented, is much less than that of Uie corresponding 
elevation, llie reason of Uiis difference is, that, on account of the 
angular form of the extremities of the battery, the mean length of 
the ditch is much greater tliaii that of the parapets and epanlnients 
added together. Consequently, as the former has more length, it 
could not possibly be equal to the latter in cubic ineasiireinent, 
according to our supposition, unless its other dimensions ncie 
smaller in proportion. 

The same remark holds good in all odier works basing salient 
angles. In any small inclosed held woik for instance, the mean h'ligth 
of the ditch must luxressariiy be much greater, tlian tliat of the work 
itself which it surrounds. Consequent!) in a section taken thioiigh 
any part of the work, the area of the excavation uiil iiecessaiily be 
much less than the area of tlie coiTes|>onding elevation.* 


CflAP. XI. 

SUPPLEMENTARY REMARKS ON PL\N DRAMINO, AS AP¬ 
PLIED 'PO THE PLANS OF MILITARY WORKS. 

If you examine atteiiUvely the plan of die battei^, which you 
have just drawn, you will perceive, dial diat part of )our hgiire, 
which represents die sloping extremity of the epaulinent of your 
battery, forms an exact secdon of the epaulmeiit itself. 


^ In speaking of the actual constmetion of works, and iwrlieularly whoa 
used in opposition to an excavation, the tenn ** elevation ** implies the 
whole of the elevated parts, that is to say all thoae parts, wbicb in the sec- 
tykiD of a work would aiqraar above the ground line. But In sfieaking of 
the delineation or representation of works, &c. it alwa)s implies a kind of 
geometrical drawing, the nature pf which has been felly explained in 
VoL I. 
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In all cases, it is to be remarked, that whenever the exti'emity of 
au> work has a slope, the plan of it will, in some measure, resemble 
Uie section of the same work; but it will not alwa 3 's be a regular 
or correct section of it. 

It becomes a regular section, in ^our present figure, paitlj 
hi 'Cause the slope is e<|ual to the height, and partly because the 
extremity of the cpaulinent is perpendicular to the general line of 
that work. 

Draw another plan of the e[iaii1mciit only of }our batteiy, on a 
separate* piece of paper, but on the same scale. 

Here fol/ou's a sketch of the epauiment of a 
hattery, on a much smaller scalCf but sufficiently 
I tear to explain the renuirks which are about to 
he made. 


Rub out the slope represented in the plan, 
and restore the 6gurc to its original state, as it 
stood before tlic slope was drawn. 

Now let us suppose, that mstead of a slope equal to the height, 
the extremity of the epaulmeiit of the batteiy had a slope equal to 
half the height only. 

« 

From the extremity of the epaulment, upon 
that line which represents the interior crest of 
it, mark a distance equal to half the interior 
height of the epaulment. 
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From the extremity of the eptulment, upon 
that line ^hich represents the exterior crest of 
it, mark a distance equal to half the exterior 
hei|^t of the epaulment. 



Connect the points thus marked; and the ad- 
joimi^ aisles of thenork by oblique lines , and 
the plan of the extremity of an epaulment, hav¬ 
ing a slope of oue half its height only, will tte 
complete. 





\ 



\ 


Rub out superBUous lines; and you si ill pei> 
ceive, diat there still remains a figure resembling 
a section of the epaulment, but it is no longer 
an exact section. 


' \ \ 

Rob out your figure, and by the same rule, \ \ 

draw the plan of the extremity of an epaub V 
ment having a slope of double its height. ' i 


The same remark will apply hdre as in the last case; the form 
of a section still remains, but not a regular one. 

Rub out your figure. 

1 jdiall now proceed to show the effect produced in the appear- 
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aiice of tlic sloping extremity of any work, as represented in a 
plan, nhen it is not laid out at right angles. 

Draw the various lines of an 
epaulment, as before, but i in¬ 
stead of a perpendicular, draw 
an oblique line to sliow the ex- 
tiemitv of it. 

This being done, let us suppose, first, that the extremity of the 
cpaulment is to have a slope equal to its height. 

Dran a line parallel to the extremity of the epaulment, at a dis¬ 
tance equal to the interior height of that work, and let this line 
Intel sect the interior crest of the epaulment. 

Aftet^ finding the above intersection, rub out the remainioi^ 
parts of the said line. 

Draw a ■second line parallel to the extremity of the epaulment, 
at a distance equal to tlic exterior height of that work; and let this 
line iiitiTsect the exterior crest of tlic epaulment* 

After finding this intersec¬ 
tion, rub out the remaining 
parts of the last drawn line. 


Connect the above points 
of intersection and the extre¬ 
mities of your oblique line, by 
right lines. 
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Rub out those paits i«i \our 
oiiginal figure, wltK h u iJl uom 
become superfliiou*); »iul the 
form of an epaulmrnt hu\ing 
an oblique extremity is com¬ 
plete, ill the manner in \%hich 
it ought to be repress uted in a 
plan. 

You may iiovi observe, tint the plan <»f the sloping «\tnniiK <»1 
an oblique epaulmeut stiti retain<« some lesemblanre <•! n st'efiou ot 
that \«ork. but it u no loiiget an txuit section, althoiiirh tin shqn 
is equal to the height. 

If instead of haring a slope equal to itx height, the evtumits ol 
an oblique t paiiluient had a smaller or greatt I slope, tin figuii ot 
Jet would of course become still more distorted, if co'iipared w ith 
the proper section. 

Draw the plan of an ob¬ 
lique epaulment, according to 
the same rule as the last, but 
givii^ it a slope of only one 
half of its height. The figuie 
of it will then be as follows. 

Some resemblance of a section can still lie tracfni, as you ma% 
perceive, but it is a \ery distorted one. 

• In finished plans of I'ortitication, or of woiks containing a great 
number of slopes, a learner is apt to be puzzled, unless ho undci- 
stands the nature of the various lines; and the small disproportioiied 
or distorted sections, which always appear in the plan, are particu¬ 
larly apt to perplex him; so that often the most simple works may 
appear coraplicati'd in a plan, foi this reason. 
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I'or installer, iidthin^ is a simpler thing dian one of the traverses 
of till' cdvereti way, the sei'tion of wliich consists of a small pans- 
pt't with a banr]uetto in itai of it. llie plan of it iu otuliiie is also 
sinipir, it being merely a rectangle. 

Hut m tlie tinished plan, in the slopes arc expressed, in 
addition to the lines of the parnpot and banquette, there appears a 
Miiaii distorted section at each extremity of the traverse, on account 
of the slopes of the ^aid extn niities, winch are almost alw'ays reveted. 
Owing to these additions, the tiu\ers4i, which is tlie simplest of all 
paits oi a tortress, becomes in the finished plan, to all appearance, 
one of the most complicated. 

Thes»* details, whieli arc seldom oi never explained, in the com* 
moil modes of teaching J'ortitication, generally prevent the learner 
lioin acquiring any jnSt notion of the works represented, even 
'illhougli he tiiav have drawn a great number of plans. 


The same lemarks, which Inne just been made respecting the 
plan of tlic cpauliiK ul of a battery, apply, in like maimer, to all 
other walks \vlii( ii teiiiiinatc abniptly at one extremity; sncli as for 
instance the faces of a ravelin, or those of a tenail. 

In order to explain this observation, I shall take for my example 
a simple tenail. 


W e will first draw a regular 
section of that W'ork, but on n 
smaller scale, omitting the 
thickness of the revetments, as also the cordon and coping; but 
showing all the necessary slopes. 
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Draw a doited hoiizontal line 
over the section of the tenail, 
and from every point in the 
section raibe dotted |>erpendi* 
culars^ meeting tlie said hori¬ 
zontal line. 

Mark the dotted horizontal line by the letters a b, and mark the 
various spares compiehendiHl bctneeii the dotted perpciidirular^, 
in r^lar order, by the numbers 1, '2, 4, 6,0, 7, B, and 

Then the dotted horizontal line a b \sili rcpiesent a plane of pjo- 
jection, the use of wliich Vbas explained in the Principles ol Plan 
Drawing. 

Draw two lines of any comenient length foinnng an ohtibt 
angle to represent the front of the simple tciiail, of winch son hast' 
already drawn the section. 

In order to complete the plan of soiti simple tenuil, yon wii) 
next draw lines parallel to the front of it; making the distuneet 
between these parallel liii«'s, in the plan, correspond exactly with 
the distances between the various dotted perpeiidtculars, in the 
section. 

Draw also two right lines to represent the extremities of your 
tenail. 

Draw lines to represent the ridges and furrows formed at the 
jneeting of the various slopes near tlie reentering angle; and let 
these lines extend across the whole of the tenail, excepting the 
berm, banquette, and .terreplein. There no ridges or furrows 
most be represented, because these parts of the work are horizontal, 
or nearly so. 
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Mark the apaces betueen the various parallel liueSi iu the plau, 
with the uuinbcra 3, 4, 5, (i, 7, and 9* ao as to agree with 
the corresponding spaces, iu the section, to which they are re¬ 
spectively equal. 

U 1) 


I '.J4 5'6‘>8.«i ' 






I'he space 1, in the plan, corresponding with the space also 
marked 1, in the section, represents the interior slope of the rampart 
of the teiiail, that is to say, if this work is not reveted in rear, 
ihit if the teiiail were Opposed to be reveted in rear, then the 
space 1 ill tlie plan would represent the slope of the gorge 
revetment. 

llie space 2 is the terreplein. 

3 "Die slofie of the banquette. 

4 The banquette. 

i The interior slope of the parapet. 

6 The superior slope ’of the parapet. 

7 The exterior slope of the parapet. 

8 The berm. 

9 The slope of the scarp revetment of the tenail. 
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Now if the extremities of your tenail are *iup]) 0 >ed to hivt* a 
llope of one half their height, tiien iIk.* same rule will apply in 
comi^thig the plan of them, which you befon* followed, in draw¬ 
ing the plan ol the oblique extremity of an epaulment having that 
slope. 


Draw the two extrtMiiities oi your t« nail act ordiiigly, giving e.ic ii 
of tliem a slope of half its height, and rub out superfluous luits 
and marks. 



The plan of a fliiishi^i tciiail is now conipleU, uii exaiiiiniiig 
which you will And, that, in conformity with the above geiieial 
rule, the extremities of it do, each of them, resemble a distorted 
section of the work. 

« 

The extremibes of tenails, ravelins, and otlier pernianciit works 
of fortification, are almost always reveted, and scarcely ever have 
a slope of more than one sixth of their height. In the aliovr 
exan^>le we have chosen a much greater slope, merely for the saks 
of rendering the iigare more clear. 

But the extremities of a work, although constructed with a 
slope, may not always be laid out in one continued right hue, 
which has hitherto been supposed to be the case. Sometimes one 
or both of die aisles may he rounded ofif. This is usually done 
it that extremity of a travene^ which faces towards the glacis. 
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When tlie sloping exticinity of a work is partly rectilinear and 
paitly curved, those- parts of it, which are laid out in a right line, will 
still retain, in a plan, se>nie resenjjblance of a section of the work; 
but these sections, on ai-coiint of^llie circular parts, will be iinper> 
feet at the angles; for as (iieular slopes do not meet abniptly in 
un\ points, no iidges aie foinied bv them; and consequently no 
liiu-s arc «hawn across them, in lepresenting them in a plan. 
Will re these lines aie wanting, there the resemblance of the sec¬ 
tion of the work will bt incomplete. 

Wc shall lirsl illustiate this remaik, b\ means of two very simple 
solid bodies, the psianiid and cone. 

Diaw the [ilan of a .square pyia- 
niid oi any convenient Mze. Draw 
also tin plan of a loiic. 

'J'lie sides of the psramid slope regularly every way from tlie 
base to the verti-x. 'riic eoiic also has a regular slope, in like 
ntamier, fioin cveiv part of the base towards the vertex. 

But bv reason of the eiicularform of the base of the cone, all 
the slopes of its surface blend gradually into each other without 
forming angles or ridges any where; and consequently the circle 
which you have drawn to represent the base of your cone, with 
the point which marks its vertex, will form a complete plan of 
that bod) ; no additional lines to represent ridges being necessaiyr. 

In the p}ramid, on the contrary, the meeting of the various 
sloping sides forms ridges, which arc lepresented, in the plan, by 
light lines drawn from tlie vertex to the angles of the base. 

llie square pyramid dierefore is a body wiUi four sloping sides 
or extremities, laid out iu right lines, each of which sloping extre¬ 
mities, as you may observe, is represented in the plan by a triangle, 
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tet » to aay, by a figure resembling a section of the pyramid 
ifewlfy taken through the \ertes. 

Hie aection of a cone, takeit, under the same supposition, that 
is to say through the vertex, is Am a triangit like that of the pvra« 
Bud; but viheti you examine the plan ot the cone, no appearance 
whatever of a section of it can be trarcd 'Jliis is owing to the 
circular fonnot the base, from whence the slopes take thiir use 

As the pyramid resembles the cone m so mans cik uinstatKes, 
and might in fact be converted into out hv in* k I\ roiniding otl its 
angles; you may easily coiueivi, that tht same ditleniue, wliuh 
is observable in the plan ot these tw » sulitlt, would be prmUiced 
in the sloping extremity of a military w ork, by rounding oflt one 
of Its angles. 

In order to explain this more fully, draw four hues paralkl to 
each otheTi to represent the plan of the parapet ol a batten 

Draw a right line perpendicular to the above, to represent the 
left extremity of your batten. 

Let US suppose, that the right extremity of the battery is to be 
rounded ofT or curved at one angle, and that the < urve is to be an 
arc of a circle touchuig the evtenor sidt of the woik. 

Complete your figure accordingly^ and mark the center of your 
arc by a point. 

The Leomert an recommended to draw their figum on a much 
larger sen/e than the follomng. 



O 


lait us now Aqipose that each extremity of the work is to have 
i dope equal to id height 
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In that case, the plan of the left or right-lined exb*emity of the 
batteiyi will, of course, when hnishcd, represent an exact section 
of the work. 

Draw the said section accordingly. 

Tills being done, mark a point upon the curved part at the 
light c\tn niit\ of \our figure, and fiom thence draw a line in- 
mumN, perpend u ulai to the <m\e. 

Tht rui\e, ill our pnsciit figure, is supposed to be an arc of • 
circli , but any hue piipendicular to an aic, viiU, if produced far 
enough, pass through the center of it. 

\ oil Mill then fore produce jour perpendicular, until it meets the 
iciitei from whence the curve was described, when it will, of 
course, bci uiue a radius. 



Mark the point on the curve, from whence yous prodneed per¬ 
pendicular or radius was drawn, by the figure 1. 

Mark the center of youi arc by the letter f. 

And mark the original lines of your parapet by the letters a b d e, 
according to a dotted line drawn perpendicularly across it^ in any 
tomenient place. 
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In order to erphitn the remaining operations iiioie clearty^ a 
part of the foilou tiig figutesare drann on a laigi r Muie In theses 
the left exttemtly of the battery is omitted, heiause the diieitioii'^, 
now about to tn gneny relate onlu to On Ji»ht utiemity of that 
work, the Oopt of h huh remains to be diaari, 

JS 

The enlarged fgure of 
the right extrenutyof the 
battery mil be as follow s. -r 



The Learners m// of lourse go on tt ith their original finnres, 
without any alteiation, they being supposed to be drann, fturn 
thefrst, on a scale sujiciently large. 

Near the plan of ^otir batter), drau a section ot it, on the same 

scale. 

Marie the vanous points of sour section, so as to coirespond with 
the letters a, b, d, and e, m the plan. 

Near your section, raise a dottiri perpendicular frr>in the ground 
line of it, to represent a scale of hi'ights: and draw dotted hoi i- 
zontal lines, from the interior and exterior crests ol the parapet, 
to meet the said sc ale of heights. 

From the interioi and extenor crests of your parapet, as repie* 
sented in the section, drop dotted perpendiculars to tlic ground 
lioe. 

Mark the bottom of the scale of heights by the figure 1. Mark 

e poviit, It here it is intersected by the lower horirontal line, bs 
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llie fissure ‘2, and mark that jxiiiit, \ihere it is intersected bj the 
upper honxoiital line, b> the ilgure 4. 


A 



i 


It Mill he cMdent, that tlu distance, bttMeen the points 1 and 2 
on the scale, Mill he ccpial to tlie evtenor height of the parapet; 
and that the distance, betMteii the points ] and 4 on the scale. 
Mill be equal to the iiiUrior height ol the parapet. 

Fi oin the point 1 in >oiii plan, set ofT, upon the line 1 f, a 
di^tuicc equal to the evterioi height ot the paiapet, and mark it 
In a point, opposite to Mhuh Miite the figine ‘2. 

I'loiii tlu sanu point, set ofl', in like manner, uj>ou tlie same 
line, a distance equal to the inteiior height of )our parapet; 
iiiaik this iitM point by the figure 1. 



i* 


Tlie space 1 2, in the plan, is equal to the space 12 in the 
section; and the space 1 4, m the plan, is equal to the space 1 4, 
in the section. And, in like manner, all other parts of the plan 
and section, which aic marked alike, correspond with each other. 
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Tbe next thing requued u to draw a luie parallel to the curve, 
through the point marked 0. m tlic plan. and thn parallel must be 
produced, until it nneu or cuts that liiii, nhi<li k pit jjiiits the 
exterior cre<<t of the para{>ct. 

Tbe curve in our prtsent figure bdiig a regulai aic of a circle, 
the method of drawing anuthei (uived liiu, paiailtl to it, is of 
course to describe a st coiid art from thi s inu < t liter 

From tht ctliter f, with iht radius f 2, vou will therefoie de¬ 
scribe an arc, and produce it until it inctts or cuts ilu cxtciior 
crest of the parapet. JVlaik tht point vrlitrt tiicv meet, b\ the 
letter m. 

The point, thus found, will be a tiu< point, in a mw cuivt, 
whith must aiteiwards be drawn, in order to show tin form of the 
top of tile slope of the curved e\trcmU> of }our woik 

Through the point t, ui )our plan, }<>u will, iti like iiaiinu, 
draw a cuivc paiallcl to voui oiigiiial curve, and product it, 
until it nice ts oi c uts tlu iiUtii<»r ciestof the paiupct Maik tlie 
iiitcrsertion bv tlie letter o 

Tht point u Will also be a true point iii the abovc>nieiiUoncd 
curve, which remains to be dniwii, aud the points ni and o will 
be tbe extremities of tlii> piopostci cuivt. 



Hiving thus found the extremities of your proposed curve, it 
Mxns to find some true central or intermediate points in it, which 
be done as follows. 
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Draw a dotud paialltl line, iii your plan, half way between the 
iiiteiior and (xttrioi crests of your parapet; and mark the point, 
thioiigli uhioh It passes, b\ the lettei c. 

Tale a correspund.iig point, m your section, half way between 
the iiitciiur and exterior cresU of youi parapet, marking it, in like 
manner, by tbt ieltc'i c. 

• 

I'roin the point c, in your section, drop a dotted perpendicular 
to the ground line diaw also a dutud honzoniai line, from the 
saint point, ineeting tiic scale ot heights, and mark the point 
wboir tluy met I l y tlu figure }. 

Tbtn the distance 1 ), on your scale, will represent the exact 
hcMgbt of the parapet, at any point half way between the interior 
and exU'iior tiests ot it. 

Take the above distance 1 3 in youi tompasses, and from the 
point I, in youi plan, set off an tijual distance upon the line If; 
and write the figure J at the extremity of it. 

Through the pomt J, in your plan, in the manner before de» 
senbed, draw a dotted cmved line parallel to youi oiiginal curve; 
and produce this new cuive, until it cuts the dotted paiallel line, 
which lb drawn through the point c. Mark their common inter* 
5ection by the letter ii. 
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Hie point n, thus fotiiiii, will he a true intermediate point in the 
proposed curve. 

By the i^anie metliod, you may easily find any greater iiimiber of 
true intei mediate points for your curve. 


For installer, instead of di\iding the superior slope of v>ur 
parapet into t\io equal parts onl\, bN the doited paiallel hue e, in 
the plan, and by the i orrespouding point e, in the seefion; you 
might have dUided it info foui etpial |>aits in both. 

Then instead of gaining onl\ one point ‘5 in \oui scale of 
heights and plan, sou would haNc gaiiiid tliM e points; hs tru uus of 
vi'hich, instead of finding onh one tnu point n betuitii the t\tre- 
niities of our proposed cune, sou would ha\< found time line 
points. 

In like manner, an} other greater nunibt't of tun int<tnudiute 
points might he found, if more tljun three were judged luressai}. 


The points, which we ha\e gained in our pieseiit figuie, aie 
quite suflicicnt for evpiaiimig the piiucipK of tlx opeiatioii whuli 
is to be performed. \ ou willUieiefoie tub out all the MijieilUnms 
lines and arcs in your plan, leuMug oiiK tlie tnu points iit, u, 

and o. 

rt 


Tlirough these points 
draw a curve. 




■"3 


m 



\ 


__A*'. 




'J 


The fomur mailer ^gure, given in the book, will now serve 
for the purpose of explaining the rmainimg operatious. The 
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state of iff after the curted line m n o t 5 supposed to he dswon, 
aciording to the process above described, mil he as follotpt. 



b out the superfluous lines und letters in >our figure. 



The ruive which >ou drew last, through the points that were 
mat Led m ii o, k presents the lop of the slope of tlie curved ei- 
trcmitv of }oui paiupet. 

rills slope and the extenor slope of the parapet gradually meet 
(!K h oth( 1, and hk nd into one t ontinued curved superficies, so 
that no ndge is loiiiud there, and consequently no line must be 
chaw 11 across the part wluie these two slopes unite. 

Hut the slope of the exticinit) of the parapet and the interior 
slop! of It meet each other abruptly in an angle. They wdll 
therefore form a ndge. 

Draw a right line to represent the said ndge, and your figure 
>iill be complete. 




You have now drawn the plan of the parapet of a battery, with 
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dopiii^ extremities, the one laid out according to a right line, the 

other curved. 

At the right-lined extremity of the battery Utere appears a repre¬ 
sentation of a section of the work; but at the otiiei extremity, by 
retaon of the curve, Uiere is not the least resemblance of a 
sectioo. 

You may now easily conceive, that if the sloping extremity of a 
Iwttery or o*ber nuik, were paitly right-lined, and partly ciir\ed; 
the light-lined pait of it, when lairi down in a plan, would have 
some leseiubiauce pf a section ot the work, whilst the rest of it 
would not. 

For instance, at the right-lined extiemity of \our pirsent tigurf, 
Aom that point, as a center, which k presents the left extremity ot 
the exterior crest of the parapet, describe an arc outwards, witli a 
radius equal to the exterior height, or m other words to the base of 
die exterior slope of the paiapet. 

The arc, thus drawn, will touch the foot of the exterior slope 
of the parapet, and also the bottom of the slope of the extremity 
of the battery. Let it be produced no further after it meets these 
lines* 



Jtub out those parts of your figure, which pass witliout Uie 
arc: rub out also the original ridge near the aic. 




Mr 
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Tbe figure, in its present state, represents Uie left extremity of 
your battery, paitly laid out in a right line, but 'with the remaining 
part of it, near the exterior angle, rounded off. And if you exa* 
mine it with attention, you Mill see that the plan oINhe said sloping 
extremity forms very nearly an (‘\act section of the work, every 
part of it biding complete, excLpting tbe exterior slope of the para* 
{>et only. There the seetioii is iiiiperfect, owing to tlie alteration 
ill the form of the work, occasioned by the curve. 

Plans of hiiildiiigo, oi othet civil works, in which few slopes 
occur, do not afford any scope for exemplifying the ronarks con¬ 
tained 111 this chapter; thercfoic, although they are, properly 
<<pc‘aking, an iliustiation ui the'* piinciples of phiii drawing, it waa 
judged most su'tablc to introduce them here, after treating of 
woiks of fortification, to which they mure particulaily, or rather 
exclusivily, apply. 'I’o odic‘cis or others employed either in 
constructing or in taking plans of miiitaiy works, these remarks 
will be useful; foi in vvoiks of this descriplioii, so great a multi- 
pli( itv of slopes are constantly used, that it must be of advantage 
to uiiclci stand the piopc^ities of sloping bodies, and the vaiioua 
forms produced by the nicctmg of them under given circum¬ 
stances. 

Tiieie is another peculiaritv to be remarked in the plan of 
sloping woiks. When the face of a slope is cut by any object, 
strongly marked upon it, such as the c'litrance of a plain gateway,* 
or sallvpoit, the bgitye of the said object, as it ought to be repre* 
sented, in tlie plan of tlie sloping part of the work, will in aU cases 
ichcmble a geometrical elevation of the object itself; in some 


^ Rv )W|ilaiii gateway, 1 mean one of a simple form, iiut ornamented 
with loliiinns, nioiildiiigs, or otbei aiciiitectural urnamonts, projecting 
beyond the fare ol llic woiL, in winch it is supposed to be placed. It will 
easily be understood, on perusing tbe tollowiiig obseivationt, that they 
eaiiuot apply to gateways of the Ipst-mentioned dcseripticui. 
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cates, it may even form an exact elevation of it. And it ih further 
to be observed, that the same i ircunistances h:ne an effict upon 
these elevations, that were pointed out as affictiii^ the foinier 
6^ves, before* explained, resembling sectiou<«, nhieli j»o often 
appear in the plan of ^\oiks. 

For example, if the base of tin slope of any side of :i noik is 
eqiuil to its height, then in a plan of the Hork, the oiitliiu* of any 
gatewax, &c. marked upon the s1o|.H‘, mil be an exact ehvation 
of the gutex^a} itself* but il the slope is h^s or gre.itci than the 
above proportion, or in othei words, il the base and height of it 
aie unequal, then the form of iht gatewax, asniaiktd upon the 
slope, xxiil, in a plan ot the xxoik, still Inai solne k sciiddaiit t to 
the elevation of thi gatexxax, but it xxill bt a dispiopoiUoueil nut a 
correct tlexation of it. 

To explain tins remaik take an> roiudiKiit stale, siub as 10 
feet to an inch, and diaxx the siHtioii of a simpii work, sloping in 
front and rear, but lioi uoiital at top. 

For instance, draw* a iiglit line for tin gioiiiiti bin of xour Mt- 
don, upon which mark a point u) for the bottom ot tin* intt noi 
dope of the work, and thaw the said iriUiioi slopt, making the 
base and height of it each 2 1 - feet. 

Mark the top of the interior slope hx the letter b from tin me 
draxv a horizontal line, be, 1.) fut long, to lepreseiil the tciie- 
plein or horizontal part of the xvork , in tiont of whicb, dia\x the 
exterior slope c d, making tlie bahe of jt 1 feet. 

This being done, jour section abed will becomphte. V\e 
shall next draw a figure to lepresent the plan of the same work. 

Draxv a right line of any convenient lengUi, for the bottom of 
the exterior slope of the work, in reai of which, set off suc- 
cesmvely and perpendicularly; • 
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First, 12 feet for tfie e\(<*iiur slope of the work, the base of 
which is equal to half the lit i^ht, 

Sccondlj, 15 feet foi the U’rreplcin or thickness at top; 

ThiicUy, 24 teet foi the interior slope of Uie woric, tlie base of 
which is equal to the height And through the points, thus 
niaiked, diaw hues, parallel to the foinier, in order to complete 
>oui plan , which bt iiigdone, sou will nfaik the various lines myour 
plan h\ the h tu rs a a, h h, c r, and d d, in order to show that 
the\ asK'c' with the corresponding points, inaiked by tlie same let- 
t« Is in sour sec tion. 

e shall next suppose, that a gateway G feet wide and 12 feet 
high IS cut thiough the woik, which we ha\e just diawn; and in 
oidci to H nder oui suciic ding opcmliuns more cleai, we shall fur- 
thcT suppose*, that the said gate w a) is of the simplest possible form 
that could be adopted, being coustiucted with a flat arch like the 
dooi of a common dwelling house ; in which cast its geomeltical 
ticwation will ot ionise be a leetangle whose sides are ot the above 
stated dimensions, name l\ (> feet by 12. 

This ]« mg picnnsid, we shall piocecd to lepiesent our supposed 
gateway in both of oni tiguies, and iirst m the' section. 

At the distance of 12 leet» abo\e the gioiind line ad of your 
seetioii, draw a line parallel to it, to lepreseiit the top of the aich 
of the* gateway, which will of roiiise, from this constiaction, be 
exactly one half of the total lieiglit of the woik; and mark the hne, 
thus diawn, hy the iimneial fignies 2 and 3. 



A - 


a 
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Upon the lioe a a, in vour plan, whicli repre<»ont^ the hoitom of 
the interior slope of the notkt mark points I 1, at the distance of 6 
feet apart, to represent the ^idth of the gatewa) and the position 
of the bottom ot it, opposite to sihicii, on the hue del, Miiuii 
represents the bottom ot the exterior slope of tite noik, mark tsio 
corresponding pomts I 1, at the same distance apart, and foi the 
aame purpose. * 

It Mas before explained, that the height of tlie tratewa\ is equal to 
one half of die total height of tin Moik, through Mhidi it is sup¬ 
posed to be cut, and toi this uason, it must bt ixaLiit, that tlie 
points 2 and ", lu \our section, Mhcre the top of the gateM.iy 
meets the nitcnor and exleiior slopes, must be exactl) half May 
up these slopi s. 

Ill order to find the position iif the conespoiiding points m tlie 
plan, )ou Mili^ tluitfoie, from the points 1 1, on tiu Itm u a, 
draM perpendu ui irs 1 2, I 2, half Mav across that spart whuh 
represents the mtnior slope , and from the jromts 1 1, on tin line 
dd, draw perpeiubciilats I 3, 1 5, half way a< ross tin sp u ( wliuh 
represents the exterior slope, mI nch being dom, draw light lines, 
coimectmg the points 2 2 and 3 3, in }our plan. 



The interior slope is 24 feet broad; consequently, the lines 1 2, 
1 2, which extend half way across it, are 12 feet long; and there¬ 
fore, the rectangular bgiire 12 2 1, which represents the manner, 
m which the entrance of the gateway ought to be laid down, in a 
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plan of the wotk, is exactly 12 feet by 6: that is to say, it tons 
a correct geometrical elevation of the gateway, the above being the 
exact height and width of it, as before stated. This coioctdense 
an«e& from Uie nature of the interior slope, on account of die bast 
of It being equal to its height. 

In the extenor slope, on the contrary, the base and height art 
unequal, and the bieadth of tlie slope, as represented in the plan, is 
only 12 f< et; and theicforc the lines 1 .*], 1 3, which extend half 
way across the said slope, are 6 feet long. Consequently, dia 
hgtire 1 t1, winch represents the fonn of the gateway, as 
appearing in the plan of the cxterioi slope, being reduced to one 
half of Its proper height, alllioiigh it stilhretains sonte resemblance 
of an elevation of the gatewav, is no longer a correct but a dis- 
pioportioned one. 

Tlic same effect will be produced, in all cases, whenever the base 
and height of the slope uie unequal, that is to say, disproportioned 
not collect elevations of the gateway will be obtained, in a plan o£ 
tile work ; in which however, it is to be obseived, that the width of 
the gatewav will aiwavs leiiiain correct, the height only varying 
fiotn the real dimensions; and in proportion as the difference 
between the ratio of the base and height of die supposed slope 
increases, so much the more irregular will the disproportioned 
elevations, appearing in the plan, become. 

For example, in oiir present figure, in which the base of the exte- 
iior slope is in the pioportion of one half of its height, the height 
of die disproportioned elevation 1 3 is also reduced to one half 
of the actual height of the gateway. 

But if the base of the above slope had been in the proportion 
one third or one fourth of its height; dien die height of the dispro- 
portioned elevation 1 3, would have been reduced, in the like 
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{NN^portion, that is, to oiii* tliiid or out* fuiiitli ol Uir actual hvigl 
of the gateway. 

For the same reason, if tlie base of the I'xtenor nlope had b"ri: 
net less, but gieater than the height, as tor instaiue two or thu* 
times as great, tlieii die height ol the disproporlioiied eh vatioii I .‘J 
would also ha^e been uicreasid, in the same proportion, that is t< 
way, to two, oi three times, the actual height of die gateway. 

Tkeaboie wlatemwnU^ tn respect to the t houses, uhuh houhl (h 
produced i/i these disproporttottedeleiatiom bif any aUcuiiwn in tin 
slope, appear sufficiently tlear^ w that it lun not been j ml {fed weu's 
sary to exemplify them bi/ fitsotes. The Lear tier may hori ei er easily 
convince himself of the a^nracy of uhaf has been asseited, if In 
mil take the trouble to draic tteh sett ions and plans' if the stum 
simple kind of nork, changing suiiessnely the base of the extinoi 
slope, from one half to one thud, or one fourth of the hetffit, nnn 
afteruards to tuo or three times the Inight, but leaiing all tht 
other dimensions, both of tin hoih and 20ft m/, unaltend. 

Gateways or .sallypotts with flat ardit s art not used in tortiess(s, 
that simple foim having iiiciely ht'cn abr>\t assumed tor the sake 
of clearness. It will dnielore bt piopo, beiore we proceed to a 
new part of our subject, to exetnplily the maniuM, lu wliuh gate- 
mays of die common construction, that is to say, foiiued with 
arches curved at top, ought to be rcpieseiited 111 plans of forti- 
ficatioD. 

For this purpose diaw the plan of a work, lesenibliiig a lavclin 
in its outline, but of a more simple nature, 111 otbei lespects; 
being supposed to be constructed with an interior slope, a terie- 
plein, and an exterior slope only, so Uiat the section of it shall 
exaedy resemble that of our last figure. 

* 

Let the gotge and extremities be supposed to be reveted with a 
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Klope; aud rcprcbeiit them in Uie manner directed in a former part 
of this cliaptci, luiinely, the slope of the gorge revetment by 
parallel lines, and the extremities of the work by distorted sections. 

Our work is now complete, with the exception of the proposed 
gatew u} s, which w c shall suppose to be formed with semicircular 
aidies; but befoie we proceed to represent them in our plan, it 
is to be remaiked, that the same rules, which we before applied to 
a gateway of the ab(>^e mure simple form, wdll also hold equally 
good 111 Kspect to a s( niicircular gateway, or to any other figure, 
e\iii oi the most complicated and intiicate nature, which eau be 
snppo<<Ld to appear on the sloping side of any work. 

llie base of the interior slope of yoitr work being equal to its 
height, you will therefore, in conformity with the rule just alluded 
to, <li.iw an evact elesatioii of your semicircular gatew'ay, on the 
left f.ice of your woik, upon tliat space which represents the interior 
slope of it. 

The base of the exterior slope of yonr work being supposed to be 
only one half of the height, you will, in conformity with the same 
I uie, diuw'a disprnpoitioned elevation of your new gateway, also 
on the left face of your work, and exactly opposite to the former, 
upon that space, which represents the exteiiur slope; aud iu 
diawing this new elevation, let the breadth of it be every whore 
precisely the same as before, but diminish the height of every ^Irt 
of it, to only one half of (he height of the corresponding parts, 
as rcpiesentcd in your last drawn elevation. 

Ill the left face of your work, the form of a semicircular gate¬ 
way is now correctly represented, as it ought to appear in a plan 
of fortification, if the crown of die arch w'ere contiuiicd as far aa 
the slope on both sides. But it is proper to observe, that we have 
imagined this to be done, merely for the sake of more clearly illus- 

VOL. II. 
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tfitiiig the principle laid down. In real practice, arches are never 
continued, in the above manner, entirely across any slope, w hose 
base is equal to its height or nearly so. Some part of an arch so 
constructed Viould necessarily be of a very weak incunwnicnt 
form, as may easily be conceived. It is tlierefore only iu mode¬ 
rate slopes, such as those of revetments, that the arch is so con¬ 
tinued. In earthen works, which must necessarily have a con¬ 
siderable slope, the arch, instead of being carrie<i on through the 
whole of the profile as far as the slope, always terminat(‘t at the 
distance of some feet from it: and the remaining part of the <‘arth, 
between the extremity of the arch and the surface of the slope, is 
cut away in such a manner as to fonn an open entrance to the 
gateway. 

In order to explain these particulars, we shall uext, on tlie right 
face of our work, draw another gateway, which we siiall siijipose 
to be also semicircular, and of the same dimensions as the former. 

Let us likewise suppose, that the exterior slope of our work 
represents tlie slope of a scarp revetment; and therefore that the 
front of tlie new gateway may be continued as far as tliat slope, 
without inconvenience. 

Upon that space, which represents tlie exterior slope of tiie right 
lybe of your work, you will draw a disproportioned elevation of your 
gateway accordingly; making this small figure equal and similar to 
that which you before drew, for the same purpose, on the exterior 
slope of the left face of your work, lliis being done, you will pro¬ 
duce the parallel sides of the above small figure backw ards, as far as 
the back of the tcrreplein. 

The two lines, thus produced, will show the position of the 
covered part or arch of the gateway; for which reason tliey must be 
dotted, acGordiog to a rule before meutioned (Seepage ll?)* this 
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being the usual method of representing arches or other covered com¬ 
munications in a plan of fortification. 

We shall further suppose, that die arch of our new gateway ter¬ 
minates perpendicularly, immediately under the back of the terre- 
plciii, without being continued under any part of the interior slope 
wliatever. 

From the CKtremities of tlie rear of your arch, that is to say 
from those two points on the back of the terreplein, where it b 
intersected by the last lirawn lines, you will therefore draw right 
linos backwards, across the interior slope of the work, to 
repiescnt the sides of the open entrance of the gateway; and in 
drawing these lines, you may give them a moderate splay out- 
w ards, so that Uie entrance shall be wider towards the rear than in 
fiont, this being the usual mode of construction followed. 

Hub out that part 
of the bottom of tlie 
interior slope of your 
woiL, wliicli inter¬ 
feres w ilh the en¬ 
trance oi the gateway, 
that is to say, which 
lies betw'een the ex¬ 
tremities of your last 
draw n lines: and rub 
out also that part of the bottom of the exterior slope of tl^ right 
face of your work, which forms the base of the dbtorted elevation 
of your gateway. 

In the right face of your figure, you now have a correct repre¬ 
sentation of a gateway of the form, in which they are usually con¬ 
structed in fortresses. Towards tlie rear, there is an open entrance cut 
through the interior slope of the rampart; the sides of which, being 
supposed to be reveted perpendicularly, are represented by right 

p 2 
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liees. Then the arch of die gatcw ay coiumciircs, and the back of 
ity being built not with a slope but prrpendicuiarl), in the position 
before mentioned, is represented by a right line, which agrees witli 
a put of the back of die tcrrcplein. From thence it is contimi«*d 
in the direction, shown by the two dotted lines, until it teiininntea 
upon the scarp revetment, in the form of a disproportioned ele¬ 
vation, which is dtere produced by rt‘ason of the slope. 

It is furdier to be remarked, that if a gateway has a descent, as 
is often the case, from the interior of a work, downwards, to the 
level of the ditch in front, accortling to a regular slope like that of 
a ramp, then the top and bottom of the deneent should be marked 
by right lines, as is repreacnteil iu the gatewav of the left fare of 
our present tigture.* But if there is either no slope, of lh(< nature 
above supposed; or if the said slope is concealed under the covered 
part of the gateway, which sometimes happens; then in ptiinmg 
the plan, no lines should be drawn across the entruiues of the 
gateway, which should be left open both in front and rear, as is 
represented in dial which appears on the right face of )our present 
figure. 

I shall conclude by remarking, that the figures resembling sec- 
tbns, before explained, are constantly introduced in finished plans 
of fordficadoQ; even when drawn upon a small scale. Those 
figures, on the contrary, which resemble disproportioned elevations 
of gateways or sallyports, as appearing on the slopes of revetments, 
are by no means common, but yet they arc sometimes to be met 
with; and it has therefore been judged necessary to explain diem: 


* It will be understood, that if the descent were formed by steps, not by a 
slope, it might, for the same reason, he projier to mark a part of the said 
steps, oidess they were all concealed under the covered part of the 

gateway. 
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particularly as tlie strict rules of the art require^ that they should 
always be represented^ whenever the scale of the plan is large 
enough to admit of its being done without creating confusion. 
Besides which, an explanation of these last-mentioned details, 
altiioiigh trifling in UietnseUes, appeared essential to the complete 
illustration of that part of my subject, which treats of the princi¬ 
ples of plan drawing. 


CHAP. XII. 

OF BARBETS. 

U was before explained, tliat the guns of a fortress are placed 
upon the terreplein ; and tliat Uiey tire through openings, cut 
acro.s*) the [larapet, fur that purpose, called embrasures. 

Soiiu'tlmc.s guns arc placed in such a manner that they fire over 
tlu‘ paiapct, without the necessity of making any embrasures. 

J'Vn this purpose a pait of the terreplein is raised much higher 
than the lest of it, and forms a mound for the guns to stand upon. 

Titese mounds aie called iiakhets, and ai-e usually formed at 
the salient angles of the bastions, or other works, in which tliey are 
used. 

Tlic general level of the terreplein is usually seven feet and a 
half lower than tlie crest of the parapet, whereas the barbet is only 
about three feet iow'er tlian tiie parajiet; consequently the barbel 
may be considered as a kind of smaller terreplein, elevated above the 
great terreplein of the work, in which it is placed, to tlie height of 
about four feet and a half. 

llie advantage of barbet batteries is, that the guns can Are more 
Irecly in various directions, than is practicable through the common 
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emlirasiires. Their principal disadvantage b, that neitlier the giiiu 
HOr the gaimers are sufficiently protected, on account of tlie lo\i ness 
of the parapet of a barbet. 

Consequentlv barbels are seldom used in a fortress, except at 
die conniiencement of a siege, before the enemy has establislied 
his first batteries against the place. After he has effected tliat 
object, die besiegers Vrithdraw their guus from the barbet batteries, 
and place them behind embrasures. 

The manner of drawing a barbet shall no>v be explained. 

Draw' two lines forming a salient angle, in order to represent the 
two faces of the bastion, or other work, where a barbet is pioposed 
to be erected. 

In rear of and paral* 
lei to them, draw two 
other lines, to repre¬ 
sent the foot of the 
interior slope of tlie 
parapet. 

The space between these two sets of parallel lines will therefore, 
of course, represent the interior slope of tlie parapet. 

About half way between these parallels, draw two new lines, 
also parallel to them, to represent the front of your proposed barbet. 

At any convenient distance, draw lines parallel to the front of 
your barbet, in order to represent the reverse of it. 

Draw the extremi¬ 
ties of your barbet, 
making them perpen¬ 
dicular or nearly so, to 
die limes of yow origi¬ 
nal work. 
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The four new lines, which you have now added to your figure, 
rei>i( lit the form of the turieplein of the barbet. 

The interior slope of the parapet of your original work, rises of 
course in a regular manner from the bottom towards the crest of it: 
and consequently, the barbet, as was before explained, being raised 
considerably higher than the bottom, but not quite so high as the 
crest of the parapet, will necessarily come part of the way up the 
slope. 

For this reason the front of the barbet is represented about half way 
np the interior slope: and tliose parts of the original bottom of 
the parapet, which intersect the barbet, will become imaginary 
lines. 

But if the barbet had been raised as high as the parapet itself, 
instead of being only about half tliat height, then it would have 
been on the same level with the crest of the parapet; and tliere* 
foie, those lines which represent the crest of tlie parapet, would 
also ha\(. agieed with and served to represent the front of the barbet. 

llic bai bet being raised some feet higher than the general level 
of tlic terrcplcin of the original work, must have a slope iu rear, 
and at each extremity of it, at least equal to its height. 


Draw parallels all round the barbet, except in front, in order to 
represent the above slope; and produce those at the extremities, 
until they meet the bottom of the interior slope of the parapet, but 
no further. 

Then draw lines be¬ 
tween the opposite 
angles, to represent 
ridgei and furrows. 
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Rub out superfluous 
and the plan of 
jour barbet will be com- 
plete^ excepting only 
the small ramps, which are necessary fur ascending it. 

These hliall next be dra^tn. 



From the inward ex¬ 
tremities of tliosc two 
lines, which represent 
the front of your bar- 
bet, draw' oblique lines 
backwards, to any convenient points al the bottom of the intonor 
slope of the parapets of your original work. 

These oblique lines will repiesent Uie exterior sides of each 
ramp. 



Draw perpendicu¬ 
lar'' for the foot of each 
ramp: then draw the 
interior parallel to the 
exterior sides, pro¬ 
ducing them as far as the terreplein. Make the slo})^ of each 
interior side of your ramps equal, at top, to that of the barbet: at 
bottom, let it fall away to nothing; and draw* the whole of the lines 
necessary, in the manner before directed, in treating of ramps. 



Hub out superfluous 
Jipes ; draw the neces¬ 
sary diagonals across 
the new slopes, to re¬ 
present furrows; and 
your flgure will be 
complete. 
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Your figure, in its present state, represents a barbet constructed 
near the salient angle of a work, 'wbidb is supposed to have no 
banquette. 

If there had been a banquette, the ramps of jour barbet ^ould 
not have been placed close to the interior slope of die parapet, but 
at some di<>tancc fiom it, in order that they might not interfere 
with the baiiqucUe. 

The method of dra\iing the ramps of a barbet batteij, when 
there are banquettes on each side, shall now be explained. 

Draw two lines forming a salient angle as before, to represent 
the crest of die parapet of the w'ork, in which the barbet is pro¬ 
posed to be constructed. 

In rear of these and parallel to them, draw two other lines, to 
represent the bottom of the interior slope of the parapet, which 
agrees with the front of the banquette. 

Draw u third set of parallels, also to the rear, to represent the 
back of the banquette. 

J)iaw a foiiidi set of parallels, also to the rear, to represent the 
foot of the slope of the banquette. 

j)iaw lines connecting die proper angular points, to represent 
the fill rows formed in the interior slope of the parapet, and on the 
slope of the banquette. 



This being done, the space, contained betw'eeu the two outer¬ 
most lines of your figure, will represent the interior slope of the 
parapet. 
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Tbe center sptce wiU represent the banquette. 

And the remaining q;>ace will represent tlie slope of the 
banquette. 

Draw two lines on the interior slope of the parapet, parallel to 
the faces of the work, in order to represent the front of the barbet: 
and let tliese lines be m^arer to the foot than to the cicst of the 
interior slope; because a barbet is usually very little higher than 
die banquette. 

Draw tbe reverse of your barbet, parallel to the fioiit of it, as 
before. 

Draw also the extremities of jour barbet, pcipendiculariy oi 
nearly so, to the faces of your original work. 



Tbe four last drawn lines will represent tlic form of the teire* 
plein of your barbet. 

Rub out those parts of the interior slope of jour parapet, and of 
^oor banquette, which now become superfluous. 



Mark a point at any convenient distance upon tbe bottom of the 
slope of the banqnette, in order to represent tbe foot of the exterior 
ride of each ramp. 



BAEBfiTS. 
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Mark also a point upon each extremity of jour barbet, a little 
in rear of vihere it is intersected by the back of the banquette. 
These new pomts are to represent the top of the exterior nde of 
each ramp. 

Join these points by oblique lines, in order to represent die said 
exterior sides. 



Bill) out that part of the foot of the banquette on each side, 
which becomes superfluous, after the exterior sides of your ramps 
arc drawn : 

'JThen draw the bottom and the interior side of each ramp in the 
usual manner. 



Draw the slope of the reverse of your barbet: draw also the 
slope of the interior side of each ramp in the usual manum*; and 
complete the ridges and furrows formed by the meeting of these 
slopes. 
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tn the nimpft which before drew, die exterior side of each 
nmp rested apon the parapet, atid the panipct being higher than 
the baibet, there could not of course be any iilope downwards 
from the exterior side of your ramp towards the parapet. Conse¬ 
quently it was not necessary to draw any slope, on that side of die 
ramp. 

But in your present figure, the exterior side of each of your 
ramps is placed near the banquette; and a barhet is always higher 
than a banquette; therefore bodi the exterior side of the ramp and 
that extremity of the ramp itself, which is near the banquittc, 
must have a slope downwards, tuiUl they meet die level of the 
banquette. 

The difference of level between the barhet, and the teiieph'in ol 
any work in which it is constructed, is u.sual)y not kss th.m lout 
feet six inches, sometimes more: but die diffennee of l('\cl 
between the barbel and the banquette is seldom more tiiaii oik foot 
six inches. 

Conseqnently as all slopes are in proportion to fiieii heights, the 
base of the slope of die reverse of the barhet, must be about 
three times as great as die base of the slo[)e of that extremity of the 
barbel, which is near the banquette. 

You will therefore draw lines across the tread of the banquette, 
parallel to the extremities of your barhet, at a distance equal to 
about one third of the breaddi of the reverse slope of the barbet. 


BARBfiTS. 
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These lines will represent the foot of the slope of that part of 
the extremity of each barbet/ which terminates upon the banquette. 
The slope of die exterior side of each ramp now remains to be 
drawn. 

From die point, where the last drawn lines meet die back of 
the banquette, draw oblique lines to the bottom of each exterior 
•iide. 



The whole of die slopes of }our lamp are now complete, but a 
part of the fuiiuws, which would be foimed at the angles, remain 
to be (lijwn. 

Hub out lliosc parts of jour banquette, which interfere with 
diest' *>loptand diuw hues to repicsciit the said furrows. 



You have now hnished die plan of a barbet, according to the 
mode, in which works of this description arc usually constructed. 

'JThe guns, in a barbet battery, must be mounted upon platforms 
of the same strength and materials, as those before described. 

4 

It is to be observed, however, that instead of making a separate 
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plAtform for every individual guo, which is alw'ays done in batteries 
with embrasures; it is often iisual^ in barbel batteries, to construct 
large platforms, upon which two or more guns may be placed 
abreast of each other. 

These LARGE BARBET PLATFORMS have tlic same depUi from 
front to rear, and the same slope in that dirertiou um a common 
platform. Their width, which is greater, will (»f course depend 
upon the number of guns proposed to be mounted upon them. If 
you allow a space of from tweKe to fifteen feet |h.t gun, in a barbet 
battery, it will be quite sufficient. A greater interval between the 
guns was allowed in our former battery, for a reason which has 
already been stated. 

% 

There is anotlier method for eiubling guns to fire o\cr a parapet, 
without raising any interior mound or baibet for that purpose. 

This is done by means of, what is called, a tram:r.>i\u 
PLATFORM. 

The platform so called is a strong fianie of timber, laised some 
feet higher than the ground; and capable of being traverseii, that 
is to say, turned to the right or left, upon a fixed pivot, by means of 
trucks or small wheels which support it. 

The gun, mounted on a common carriage, stands upon tliis frame, 
by which it is raised higher than die parapet; and by moving which, 
it is pointed to the right or left, as may be required. The breadth of 
die ftame is just sufficient for receiving the gun carriage; but the 
leogdi of it is greater, so as to allow for a recoil of several feet 
after firing. 

In a book of elementary fortification, to give any further descrip> 
tioii of the construction of a traversing platform, would be foreign 
to the subject. * 
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1 iihall only observe, that traversing platforms, from die facility 
vi'hich they aflford of quickly changing the direction of a gnn to the 
right or left, aic peculiarly ustful against shipping; and are there¬ 
fore generally 11*1011 in tow its or batteries erected for the defence of 
a coast; and on the sea line of maritime fortresses. Tlic gunners 
are also less exposed in working guns, mounted in this manner, 
than 111 any other kind of battery. In M'orks, not directed against 
the sea, ti;a>< rsing |)!att'< inis aie less conmioii. When few only are 
used, in a foitiosS, {lie\ aie geruniily placed at the principal salient 
angles. 


CHAP. XITL 

t ONsTHL(TIO\ or llfi: I’lMSIlEI) PLVX OF A REGULAR 
!•("! \(;o\, I'oiniiii.i) ArroRoiNG to vauran’S riRiJT 
.sys'i jixplanai’oky remarks on plan 

dravmm;. 

The details, which have now been explained, will be suJHcicnt 
to I liable 'ou to undeist.ind <leaily the finished plan of a regular 
foitieb*^, parts of wliieh wouhl otherwise, although in reali^ 

simple, lia\e afipcaied of a \ciy complicated and intricate nature, 
as wa*! ohser\ed in a former chapter. 

We shall therefore next proceed to finish the plan of our regular 
half octagon, of which you have already drawn the outline: but as 
our former scale, altliougti sufficiently < tear for the purpose to which 
it was tlieii applied, is rather too small to represent properly the 
detailed parts of a finished plan, we shall commence the whole of 
our construction anew, on a iaiger scale. 

The plan, for drawing nhkh, ruies are now about to be giten^ 
zt'iil, when Jiniskedf correspond with Plate V; to which it will be 
similar in excry respect^ excepth^ that there will, as usual, be some 
difference between the scale, laid down in the construction^ and that 
of the plate. 
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1. Dnw a marpn for your proposed plan, which may be sixteen 
fcgular indies by twenty-six. 

2. Make a scale of 50 yards to an inch. It is constructtni as 
follows. 

l>raw a light line eight regular inches long, and divide it into 
lour equal parts. 

Subdivide your left division into twenty equal parts, and make 
every second subdivision more con«<picuouti than tlie others. 

Under the left extremity of your .scale, place the niimher 100; 
under the middle subdivision place the uuttiber 50; at the end of 
tl^ first division w'lite the figure 0, and from thctict* niulcr eatii of 
the remaining divisions write successively tlio numbers 100, 
and 300. 

Each of the small subdivisions at the left of }our stale represents 
a space of 5 yards. They might have been made somewhat vinallei, 
but the present mode of subdivision will be found ucMnut* 
enough, if carefully used. 

Fur the paragraphSf uhich outfht hen to foUou, < otmurm hig 
zeith Ao.?. 3, 4, .5, and confinuioi* as far a% So. .30, iih/usiie^ 
tee the same numbers^ iu Chap, f . 

As a very great multiplicity of ItKill he athltd, in nmi- 
phding the finished plant Learner mat/ noK, if he ihinh\ 
proper, pen the scarp lines of his fgure, before he proceeds fur¬ 
ther, which will prevent confusion. 

51. In the middle of each of the fares of the reentering places 
of arms, mark a space of 5 yards for the w idth of the ramps ol 
the covered way. 

52. From the points, thus marked, draw lines about G yards 
long, to represent the sides of the said ramps, in a direction neatly 
parallel to the adjoining long branches of the covered wwy. Draw 
also the top of each ramp. 

By this construction, your ramps will be rather oblique to Uie 
crest of the glacis, which is intended for tlic purpose of screening 
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them, as much as possible, from the observation of an eiitniy 
besieging till foltle^s. Sonietiiiies Uieir paiullel sides arc curveil, 
so as to gaiu an oblique diiectioii by degiees. 

^V’e shall next proceed to draw the communications across the 
ditfhes of our foiticss, whnh we shall suppose, in the center 
iioiit, to he toiimd by biidgts; but in the remaining fronts, by 
capoiiu IS. 

.'>‘h ()a c'acli sid • of the oiiginal perj^ndicular of your center 
fjoni, mark points at the distance of yaids, and through these 
]i nuts diaw hues across the main diuh, parallel to the said perpen- 
<li» ulai ; exlendiiig, fust, from the curtain to the reverse of the 
ti'iidi). and secondl), tioni tlu‘ fioiit of the teiiail to the gorge of 
the itiNtlni. 

.31. At the distance of 40 yanis from the salient angle, set off 
a s))ace of .3 \ards, upon the right face of the ravelin of the same 
and tiom the points, thus marked, diaw lines, parallel to 
euii othei, pripeiidit uKiit\ ucioss tiie ditch of the ravelin. 

'^J'he paiullci lines, tliiis drawn, across the ditches of your'center 
lioiit, at( to i( pi(‘st lit the sides of the bridges, whicli are supposed 
to beioiwtnu ud llxie. 

o). lb toie tiu curtain, the tcnail, and the right face of the 
ravelin, oi voiii centei iioiit, at the distance of j yards from the 
scarp liiu of each of these woiks, and parallel to it, draw lines 
at loss \oiir hiidges to niaik tlit extent of the drawbridges: and 
complete }(mr diaubridges in the u&aal manner, coiiiiectiug die 
opposite angles by dngonal lines. 

>36. ]>iaw hues outwards parallel to die sides of the standing 
part of each bridge, at as slmrt a distance as is possible, consistently 
with clearness, in order to denote railing. 

Tliiswill, at die same time, make the standing part of each 
bridge appear wider than the drawbridge, which is generally the 
case, as was before mentioned. (See Chapter Flly page J13.) 

▼OL. II. Q 
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57. Mark a couple ot pouits, upou tlie crest of the glacis of die 
fight fore of die ra%elin of youi ceuter front, iii the diiccUon of tlie 
aides of the biidge produced; and upon die foot of the same por¬ 
tion of die glacis, at tht‘ <listaiico of about 5 yards from the adjoin¬ 
ing reentenug angle, set off also a spac e of o yards. 

dS. Join cadi corrcs{)Oiidtiig pair of points, thus marked, 
nearly opposite to each oUiei, upon 'the crest and foot ol the 
glacis of yoiir raieliit, by parallel Juies, to represent a road of 
commumcation leading from die bridges across the glacis; and let 
the sides of your road be gently (tiived so as to indiiie fust a little 
to die left, and afterwards a little to tiu iigiit, but without any 
very considerable deviation tVom a ngiit hue. 

The outline of the piiiicipal (oinniunications of yoiii centi r 
fiont is now complete. We shdi mvt diaw our propost d capo* 
nieri 

59* Ill ail your rciiiaiiiing tionts, on each side of the original per- 
|)cndiculars of your fortress, mark points at the distant e of V yards , 
and through these points, draw lines parallel to the said pcipendi- 
culars, extending across die main ditch, between the tenuis and 
die goiges of your ruvdiiis. 

Ijct these lines represent die crests of the parajicls of your 
caponieis. 

do. Parallel to youi last drawn lines, draw new lines, out¬ 
wards, to the right and left, in the same fronts, at the distance of 15il 
yards, to show the extent of the glacis of yoiir eaponit*rs. 

61. Draw lines across the glacis of each of your caponiers, 
,ak die distance of about J yards in rear of the goige of die adjoin¬ 
ing ravelin, and parallel to it, iu order to show die bieadth of the 
passages, or rounnuuic ations from the advanced extremities of youi 
captmiers, into tiic mam ditch. 

Hen there tt a difference between our construction, and that iff 
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the caponier represented in Chap. VTI, past^ 11(3, in which two 
communications or passages are shown, one at each extremity of 
the Korh. In our present ^figure, no communications are supposed 
to he foimed, at the inward extremities of our caponiers, near the 
tenaiL 

The outline of our plan, being now finished, we shall next pro> 
(cc(! to inseit the pnnripal lines of the parapets, ramparts, See. 
These iiuiHt lie draw ii, all round, parallel to the scarp line of the 
ho(l\ ot the place, as also to the scarp lines of tlie tenails and 
laMlins, in the same itiaiiner that ^ou before completed the plan 
ol tilt -oiiiiple ttnail, which was gisen in Chap. XI, as an illustra¬ 
tion nt the Piiiutples of Plan Drawing. In your present draw- 
iii<r. voti will make one xmali difference only; that is, by leaving 
tint die htriii of }oiir \aiioiis works, xihich is too small to be 
w<»rtliy of notice on a scale of 30 yards to an inch. 

Ill (oustrpieiice of tins omission, the tmmbei of lines, which 
iiiusi be (hawII paralltl to the scarp hues of your present plan, viill 
bt oiu less than the nuiubtr of parallel lines, that you before drew, 
111 finisiimi* the plan of youi simple tenaii. 

Tor the rcs|U'ctivc distances, at which the \aiious parallels 
required should be drawn, you must icfcrto the sections of a regular 
foitiess, winch you befoie drew. (See Chapter / I, and Plate ^.) 

Comnienc iiig w itli the body of the place, as Uiere represented, 
you will find, by examining figure 2, that the base of the exterior 
slope of the parapet of the cut tain, including the berm, is 13 feet 
0 inches, which is equal to 4] y aids; that of die bastion, shown 
in hguie 1, is 6 inches more; but considering die scale of our 
present diawing, it is not Woidi while to notice so small a 
difference.* 


* For the same reason, the projection of tho cordon beyond the scaip 

9 2 
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You will also find, that the thickness at top of the parapet of the 
“bod) of the place i*> 18 ft'ct, or 6 }'ards in both fnrun s. 

62. In lear of the scaip lines of the bodv t»f the place, in your 
plan, you will thorefoie set off, successively and in a pcrpeiidieulai 
direction, the following distances : 

First, 4j yards foi the exterior slope of the parapet; 

Secondly, 6 yards for the thickness of the parapet at top, 

And through the points, thus marked, diaw lines, all round, 
parallel to the scarp lines of the body of the place. 

By referring to your sections a second time, you will find, 
that the base of tlu* slope of die scarp levetnu nl vain s tuiiii o 1< < t 
to 5 feet 2 inches, both of winch diiiieiisions aie ratlu r it ss than 
2 yards; but on our present si ale it is stuieily wtutii while to 
notice the difierence. 

63. Ill front of, and puiallel to, die sl jip lines ol the both ot the 

place, you will therefore diaw lines, ail round, at the tU^tanci ot 

about 2 yards, to show the slope ot the staip revetiiient, 

• 

64. In the extreme bastions, that is to say, in tin light and it It 
bastions of your half octagon, draw lint •• coniiit tin<>; tlu oppttsitv 
angles of the flank of each; observing lliat, in so doing, voii will 
join the corresponding angular points ot the niteiioi irestot tlu 
parapet, not of the scarp line. 

The lines, thus drawn, W'ill represent the gwges of the above 
bastions. 

By referring again to your sections, you will find that die 
breadth of the terreplein of the body of the place is 39 feel, or 13 
yards, in both figures. 


m 4 that of thi roping in rear of the vuions counterscarp linr«, 
being oldy 6 inches each, are a great deal too minute to he nutic ed in oar 
present plan. 
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65. In rear of the panij>et8 of all the curtains, and also in rear 
of the parapets of tlie t\%o center bastions, of your half octagon, 
you \^iil therefore draw parallel lines, at the distance of 13 yards, 
to shou the extent of the terreplciii; and let such of the said 
lines, as arc dra\^ii parallel ^ the adjoining curtains, be produced, 
until they cut the goiges of the two extreme bastions of your 
liguie. 

I'his being done, lub out those paits near the extremities of eacb 
gorge, which fall without the points of intersectioD, thus found. 

Ibferiiiig again to your sections, you will find that tlie base 
of the iiiteiiut slope of the lampait of your curtain, as repiesented 
in figure 3, is 16 fdct 6 inches, which is equal to 5k yards: that of 
the bastion, diow ii in figure 1, is 1 foot more; but it is not wortli 
wlii^> lo iiotiec so small a didereiire in our present plan. 

66. In icat of die teirejilcui of aU the curtains, and also of the two 
ceiiUi bastions of y Dili half octagon, you will Uicicfore draw paral* 
it i liiRs, all found, at the distance of .>l yards, in order to show the 
eViiit of the inteiioi slope pf the lampart of these works. 

'Pht* iialuie of the Iidge^ and funows, which arc always formed 
by the met ting of sioiies, and of which there will be a sery great 
number in yoiii preit nt iilaii, has been already so fully explained in 
our former eonstiiu tioiis. that sou can be at no loss as to the 

' m 

])roper pla<*t‘s foi iiiscrliiig them. Voii will therefore, when any 
part of your plan is completely finished, recollect to diaw lines, td 
tepresdit the said ridgt's and ftiirows, without waiting for any 
fiiither diicctions to that effect. 

K KM ARK. 

If you now examine your two center bastions, you will dnd, 
that a considerable space is ]eft,^in the interior of eacb, which is 
supposed to remain on the natural level of the original ground; 
whilst the ramparts, which inclose dye above space on every side 
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excepting towards the lear, are raised cousitleiably abow that 
level. 

Coosequentl\, a bastion, Unis constructed, either nlieii ml wed 
from Uie ramparts or as it ap^rears in a modi I, resembles a kind ul 
bason, presenting a great hollow or^enipt^ sfiace in the intcrioi 
of it. 

Such bastions are thercfoic called i.mpi y uasiions. 

Sometimes, instead of being left hollow, in the aho\L>cie<>< nhed 
manner, the whole of the inteiior of a bastion is filled up with 
earth and rubbish, to the same height iieaiK, that is usually given 
to the terreplein of an empty bastion. 

A bastion thus constructed, so that Uic whole r>f iIk' inteiior ut it 
fmrms one continued terreplein, is calhd \ mil ii 

Having made these remarks, we shall procfdl with oiir ron- 
struction, drawing next Uic ramps ot die boriv of the plat e, ami 
first those of the cvtieinc bastions of our half octagtui, wimh wr 
shall suppose to be full bastions. * * 

It may perhaps be almost superfiuom to tcionimuul the I mmet^ 
\f he Jlnds antf drfficullp in the comiructinn of hi\ as laid 

damn in the following paragraphs f to go back to Chaptn I Ilf, 
and study the jirsi pari of %i uith greater attention. 

• 

We shall suppose that twonunps, eath 081 }ards long, arc to be 
formed in our proposed full bastions, and that the tops ot the 
exterior sides of these ramps are to agree with Uie extremities of 
the gorges of the said basUons. 

67. From the extremities of Uie gorges of >our extreme has* 
tionBf (Ui cmiters, with a radius of 081 yards, you will therefore 
make intersecUons, upon the botUim of die interior slope of the 
rampart of the adjoining curtains. 





FINISHED PLAN OF A REGULAR OCTAGON. 231 

Each of the new pointH thus found will show the foot of an exte¬ 
rior side of one of youi ramps. 

68. Draw the exterior sides of your ramps^ accordingly, by 
conn«(‘tiiig the proper points. 

OQ. Make your ramps 5 ^ardswide; and draw the top, and 
bottom, and inteiioi side of each, accordingly. 

70. Let the interior slope of each ramp have a base or breadth 
of 5\ yards at top, asIiu iFis equal to that of the interior slope of the 
rampait; fioni thence let it fall aviay to nothing at bottom; and 
dra\^ th<* interior slopes of your ramps accordingly, represenring 
each oi them by a triangle, iti the usual manner. 

71. Connell ea< li pair of ramps by a right line drawn between 
the lops oi the interior sides. 

The last dranii but s are to leprcsent tlie back of die terreplein 
of youf full bastions, and, if coiiectly drawn, mil be parallel to 
dll' ioimei gorges, wliuh may now be rubbed out, being of no 
furilur use in die construction. 

72. Represent the interior slope of the rampart of each of your 
inil bastions, by drawing lines at the distance of bh yards, in rear 
of the last diawii lines, and parallel to them. 

The gineial forni of your two full bastions and of their ramps 
being now loiiiplete, we shall next proceed to*diaw die ramps in 
the empty bastions, comniciicing with those of the flanks. 

Tjct die foot of die exterior side of each of these ramps agree 
widi die inw ard extremity of the bottom of the interior slope of the 
lamparl of the flank, in which it is to be constmeted. 

73. From the above points, dirrefore, in your two empty bas¬ 
tions, as centers, with a radius of 381 yards, make uiterscctioiiB 
upon the back of die terreplein of your flanks, in ordei to find the 
top of the exterior sides of your proposed ramps; and draw the 
said exterior sides accordingly. 



23* ELEMENTAKV FORTIFICATION, chap. xiii. 


74. Complete the form of vour ranip<», niukiiig them A 
Mride. Draw also the interior »lopc of each lainp, in the ii^ual 
inamier» makitiu it oi >ards \>ide at top, and from tlieiKC lalllog 
away to nothing at'bottom. 

75. Connect, by a right line, the top of the inteiior side of the 

niinp of^€\cr\ flank, and that exlremily of the bark of tin t» ire- 
pleiii of the same flank, which is in rear of the angle of the 
slmuldtr. * 

The liiR'S, thus drawn, will represt'iit the n<*w form, winch i^ to 
be gi\eu to die back of the tenepiem of r\ei\ flank, aftu tlx* 
ramps are coustiucUd. Conbcipient)\ the loiniii line*., whiiii u- 
presented it, will become iiiiai'iimry lines, and ni,i\ he inhbtd out. 

76. In rear of the last drawn line*i, and paiallel to lh< in, diaw 
lines at the distanee of .li yards, to repiiMiit the bolioui of the 
interior slope of the lainpait of eadi flank, in its luw foiin ; fot if 
any change is made in the lerreplcin of a uoik, it follows, as a 
matter of course, that the iiiterioi slope of the lainpait must also 
be altered. 

Tlie geneial form of the flanks of soui tmptv l>.i-tn*ns, and of 
their ramps, being now complete, we shall next thaw the lumps 
in the fa^es of the same bastions. 

77* On those fines, which represent the baek of tiie teiieplein 
of the two faces of each empty bastion, fiom tht'ir cuiiiinun iiiUr- 
section or angular p<iiiit, set oflF 15 yards each was. 

78. From the point, thus marked, on i‘ach face, as a ci'iiler, 
wltli a radius of 41 yards, make an iiiU r.sectioii upon the bottom of 
the interior ^iope of the rampart of the same face. 

Lfbt the funiu r set of fioints, thus marked on iiie faces, show the 
position of die top; let the latter show the position of the foot, 
of the several extenor sides of >oui proposed ramps. 

79. Draw the said exterior sides accordingly, by joining the 
proper pomts: complete the form of your ramps, making them 
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3 yards «ide; and draw tlic interior slope of each ramp, in the 
usual manner, making it fyl )ards wide at top, and from thence 
falling away to notliing at hottom. 

HO. Produce those ])erjK'iuliculars, which represent the top of 
each pair of minps inwards, as far as the capital of the bastion, 
wlicie they will meet. 

81. I'roni these points of intersection, as centers, describe 
snuili aics, connecting llie to]) of tin' interior sides of each pair of 
ramps. 

8*J. Pioni the same }>()iiits, as ccnU'is, but with a ladius bk 
yaids shorter {this being equal to the interior slope of the rampart), 
dosenhe new arcs coiineitnig the e\treniities of those lines, which 
lepreseiit the bottom of the interior slope of each pair ot ramjis. 

'I’lie arcs, thus diawii, in each empty bastion, repiesent the new 
foim, whith is supposed to be given to the terre])Iein and interior 
slojK' of the rampart, in consequence of the foiniation of die 
lamps. 

'Pin iient'ial fuiin of the body of the place is now' complete, 
intludiiig the wiioie of its lamps, which have been constructed 
witli a '>iopi‘, whose liase U ever\ wlieie in tlic projiortioii of seven 
times l)i«‘ height itcaih.'"' 

By again refciring to your sections, you will Hnd that die base 
of the iiiu rioi slo]>e ot all the parapets is in the piuportioii of one 
thiiil of Its height; and that in those parts, where there is a ban^* 
quette, then* is a height of 4 feet 4 inches only, and coiisequeiidy 


* I'Le hriglit of the trrre|ileiii of the flanks and cuitaiiis being 16’ feet or 
51^ ^arilh ill rear, the ramps of tlie full hastinns, and of the tlaiiks of the 
empty ours, are made yards long, which is exuetiy seien tunes the 
alxwc *>1 ijrlit, 'J'hc fenejileiti of the faces of (he bastions being supposed 
to Im‘ ’) )iit 1 t(H)t higher, the length of the rumps is there increased to 41 
yards, ahieh preserves the same proportion nearly. 
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the base of the sloiie must there be 1 foot 3^ inches Hlueh is 
one third of the abo\e height; that is to the hast* of the 
interior 8}o|>e of the parapet is, in such phices, veiy ncaily equal 
to half a yanh 

But in those paits, where there is no banquette, as for instance 
wheiever gun batteries are supposed to be established; the base ot 
the interior slope of the jmrapet will be 2 feet C inches, u hich is 
not quite equal to one yard. 

We are now about to draw the interior slope of the parapets of 
the body of the place; and as it is proposed, in some part^ lo 
represent a banquette, in others guu batteries; therefoir, stiictly 
speaking, in some parts of oiii figure, | yard, in otlieis about 1 
yard, ought to be set off for the evtent of the said iiit« i loi s1o|h*. 

The former dimension is however so vmail, that it would be 
better to lea\e it out entirely, than to attempt intiorluciiig it iii a 
plan drawn upon our present scale: we shall thtrefore take no 
notice of the difference, but make the iutciioi slope ot the para|H'ts 
of ail our works, nearly 1 yard wide, e\eiywhcie. 


HEMARK. 

I shall here remark, that, generally speaking, in finished plans 
•f fortification, it is nsual, whcnevei a similar case oicurs, cither 
to omit the minuter parts of the woik altogether, as we have doin', 
in our presmit plan, in respect to the w hole ot our berms; or to 
give them, for the sake of clearness, rather more tliaii then actual 
^dsnensions, aipwe did in respect to the railing of out bruiges. 
Iliisj^^iit must be evident, could not have been represented, iii its 
true dimensions, on a scale of 50 fiiet to an inch; for the strongest 
scantling* likely to be used for dial purpose*, would probably be 
less than 1 foot wide. If we Had beguu our finished plan on a 
mich smaller scale than our pn^sent one, it might then iia\i been 
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necessary to omit the interior slope of the parapets altogether, and 
to tmlarge siniie of the other slopes, &c. considerably beyond 
their actual proportions, Mliich, as we are now proceeding, we 
shall be ahl(> to leprcsent a<‘eiirat<ily. 

llicse iriegiiinritics, whuli are always to be met with, do 
not d(>ttart from the at'cnrary of a general plan of fortification; it 
being wtll undei stood, that such a plan is not expected to explain 
all thd smaller details of the \arious works represented. 

In like niaiiiier, in ci\il drawings, the general plan, elevations, 
and suctions of a gieat tdifice, point out the principal dimensions 
only . so that alliiough the beaut\ and merit of the design of the 
^\ic'liiUHt may be judged ot by exumiiiing them, they do not enter 
iiilo die minuter detaiN ot the woik. To explain these, rough 
plans, 111 outline, of such particular paits as lequire it, are drawn 
up for the use of the artificers employed; and these workii^ 
plans, as they are called, arg equally necessary in w’orks of forti¬ 
fication. m 

Ila\lui> made this remark, we shall continue our coilstniction* 

8o'. In lear of the interior ciest of the parapet of the body of 
(he pl..ce, diaw paiallel lines, all round, at tlie distance of rather 
less than 1 yard, to show the interior slope of the parapet. 

We sliall iie\t di aw embrasures, in various parts, to represent 
the position of gun batteries, which may be established on the 
I ampul ts of the bcxly of the place; and for the general dimen¬ 
sions, wbidi ought to be observed, in this part of your construc¬ 
tion, 1 shall refer you to the plan*and sections of the field batteiy, 
winch you liave already drawn. (See Chap. X, and Pfates if and 4 >) 

There you will find, tliat the sills of ^le embiasures do nc^ 
exactly agice witli Uic bottom of the interior slope of the parapet, 
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Imt stand some inches more to the front. In our present ]>!aii ve 
diall, however, *suppose tliem to agree, in consequt iice of the 
smallness of the scale. 

Reducing the dimensions of ^ embrasures, as lepresented in 
the plan alluded to, from feet to yards, in order to suit our pie«ent 
scale; it will appear that they must be inadi* rather less than 1 
yard wide in rear, but about 4| yards wide in front; and that the 
hront or moutli of each embrasure must be drawu in ft out of the 
eaterior crest of the parapet, and parallel to it, at the distance of 
about 1 or It >ard. 

You will also find that the embrasuics of a ^tin batters must lie 
placed at intervals of 6 }aids apart, nieasiiinej; fiom ceiitii to 
center. 

Keeping these particulars in mind, 3011 mil draw die pioposed 
gun batteries in the body of the place of your half oitai'im as 
follows; obsersing, tliat whatever distance shall he poiiitid out 
for the position of thef^eenter of the tirst embiasuic of ea< h hatlei \, 
mu 8 t<be measured upon tlie interior crest of the paiajiet, not on 
the scarp line. 

84. In each of sour flanks, draw a battery of .5 guns; let the 
center of die embrasure of the first gun be planed at the distant e 
of 14 yards from the angle of die dank; and, 111 drawing jour 
embrasures, let the line of fire of each oblique a little outwards, 
so that they shall see not only die main diUii, but also the covered 
vn^ and glacis in front of the faces of the op{M>site bastions. 

Bv this construction, there will be a small variation betwetn the 
dhwetion of your present enibrasiucs, and Uiosc of vour ih*ld 
battery, in whicli eveiy line of fire was made eiactly peipendicidar 
to the parapet. 

85. of the faces of your empty bastions, diaw a battny 
of 3 guns, placing die (enter of the hist eoibrasuie at tiie dislance 
of 14 yards from the angle of tlic shoulder; and let the lim* of 
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fjit' of your eiui>ru8ures be laid out a little obliquely, so that they 
shall ste the ditches of the opposite faces of the raveliusi as also 
the covered way aud a [lart of the glacis in front of the said faces. 

Ht). Ill each of the faces of your full bastions draw a battery 
of j gnus, placing the renter of the first embrasure also at tlie 
dLstuiiie of 14 }aids fiom die angle of the shoulder; and attending 
to the same rule, prescribed in your last drawn batteries, as far as 
iei;ards the direction of die two first embrasures. In the three 
jf inuiiiing embrasures of each of these new batteries, )OU may lay 
out die hue of fire perpendicularly, or nearly so. 

S7. In each of die faces of your empty bastions, you will draw 
a secoijd batter v for o guns, in aildition to the diree-guu battery 
which ulieadv i•'presented there. 

Place the center of dit first embrasure of each of these new ■ 
h.ut(iie«., at the distance of 5o ^ards from the angle of the 
shoulder, aud let the line of*^ fire of the embrasures in general be 
laid out peipi'iidiculailv, or nearly so. , 

HS. 'rowaids tai li extiemitv of the curtain of your center front, 
draw u bati.'iv for .i guns, placing die center of die extreme embrai- 
suic ol cath of tlifse baticiics at Ure distance of 40 yards from the 
adjoining extremity of the curtain; and make die line of fire of 
}our enibrasiires rather oblique, so as to bear well upon the inte¬ 
rior of the opposite lavclin. 

Gun h.itU'ries inigiit also her represented in our remaining cur¬ 
tains ; and it will be understood that embrasures are not limited as 
to their position, but may be opened in any part of the parapets of 
a for tress, wbicli is judged most convenient: we shall not, how- 
i‘ver, (haw smv more embiysures in die body of the place of our 

present figure, as they might make it appear confused. 

♦ 

Kov shall vve represent any umrt^r batteries in our present plaii| 
it being sufticieiit bore to remark, that diey may be ^^blisbed 
upon anv part of the tcrreplmna of the various works, that is 
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judged proper; observing, hu\ve\€r, that the platform^ niiifit be 
placed some feet further iii rear of the parapet, than is neccs*iar\' in 
a field battery, ui order that tliey may not inteifere with tlie ban¬ 
quettes of the fortress, which are essential tow aids its defence. 

Mortar batteiies, if iutrodiictd in a plan drawn on our present 
scale, M'ould be denoted by small circles, drawn a little in leai of 
the slope of the banquette, at the distance of about 5 yards apart, 
in the manner before explained, iu treating of batu^ries. (See 
Chap, IX, pitge ]54.> 

Having made these remarks, we shall next proceed to represent 
the barbet batte ries, which we shall suppose to b( established in 
our folfl^stionsr 

SQ. In rear of the salient angle of each of youi full bastion^, 
set oflT 22 yards from Uie angular point, ea<}i wa\. iipmi tin* 
bottom of the inUrior slope of the puiapit, tor the extent of the 
front of your baibits;* and <lraw the tetii'pleins of each barbi't, 
making diem 6 yards wide, with perpciaiicnlai extieinitics. 

But before we finish thes<‘ works, it will be ii**(<s''aiy pieMOusly 
to insert the adjoining banquettes, without winch liit luinps and 
slopes of our barbi*ts cannot wdl bt drawn. 

Instead, howe\er, of eoiiiiniiig oiirseKcs to those portions only, 
of the banquettes of the body of the placf, which aic now more 
immediately required, for the above-mentioned purpose; it w ill be 
most convenient to lay out tlie whole of them at once; and it was 
before stated, that where gun batteries arc represented, no ban¬ 
quettes must be drawn. 

90 . At the distance of about 11 or ^ yards, from tiie center of 
Ihe first and last embra8ure.s of each of the former gun batteries of 
the body of the place, you will therefore mark points, outwards, 
upon the bottom of the interior slope of the parapet. 

Tbese poifill arc to show the extremity of each batte ry; beyond 
vbich, DO pilt of tl>e banquette is supposed to be continued. 
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By referring again to your sections, you will find, that in all 
your works, excepting tlie covered way, the breadth of the ban- 
quette is 4 feet, which is not quite U yard; and that the base of 
tilt* .slope of each banquette is ratlier less tliaii 6 feet 6 iiiclies, that 
is to say, \ery little nioie than 2 yaids. 

<>1< In icai of the whole of the para{)ct8 of tlie body of the 
place, excepting those parts where tlic gun batteries and barbets 
iiie marked, 3011 will therefon* draw parallel lines, all round, at 
the distance of 1! \ard nearly, to sluiw Uic tread of the banquette; 
iu nar of which, draw a second set of parallel lines, at the 
distance of about 2 }ards, 01 a little inoic, ni order to show the 
vlope of tlie banquette, of the body of the place. 

02. I'l 0111 the points, marked lor the extieinitie'* of \oiir gun 
bathries, diaw light luies, baekwaid.s, not exactly perpendicular 
ti> llu‘ paiapet, but with a moderate splay outwards, in Older to 
repiesdii the extieniities of the bioken portions of the banquette 
of the bod\ of tlie place. 

The^e (\tiemities may be supposed to be formed with a slope, 
and tin 1 dole, aceoidiiig to the principles of plan diawing, dtey 
ought to be lepieseiiU'd in our plan, by figures resembling sections 
of the woik itself. 

93. At the extiemity of each of the broken portions of your 
banquette, 3011 will diaw small figiucs icsembling sections of the 
banquette accoidingly. 

• 

Tliis being done, Uie whole of the banquettes of the body of 
the place will be complete. It is, however, to be observed, that 
e\eti ill tliose parts of a fortress, whcie gun batteiies are esta- 

t 

blished, small poitioiis of banquette are often constructed, in tear 
of the merlons, between the adjoining platforms. As the cm- 
brasmes are 6 yards apart, and the platforms oidy 3 yards wide 
in front, there will of cour.se remain a space of yards for the 
base of the said banquettes; but by reason of the splay of the 
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ei^rasure, and of die slojic tisttally allowed at each extremity of 
die banquette itself, the length of them may be diminished to less 
than 2 y^ls at top. Such small [Hirtions of banquette, although 
useful, and, as tiefoie observed, often executed in practice, are 
seldom or never represented in a general plan, where they would 
appear too minute.* 

Having made this remark, we shall now return to pur barbels, 
the ramps of which must next be represented. 

94 . On each extremity of yoiu' barbt'ts, mark points for the tops 
of die exterior sides id* your proposed ramp», half way up the 
slope of the adjoining banquette; and from t aeli of tiicse points, as 
a center, with a radius of iO yards, 'make an iutersecUoii upon ti;(' 
bottom of the above-mentioned slope, in order to du w iIm posj- 
tk>u of die fool of lh(‘ exterior side of each ramp. 

i), 5 . Draw the exlerioi sidrs of the iamp> of youf haihels accor¬ 
dingly, by joining the proper points; and < omplete lhc.f"nn of the 
said ramps, making tiieni 4 yards broad. (See ('hap. All.) 

90. Draw parallel lines, to show the exleiil of the re\ei>r slope 
of your ramps, at die distaueeof 5 feet; Uiut is to sav, at llie dis- 


* Even in the field, it is usual to inakr sniull hanqiicItCH liehiml the 
merlons of aganbatteiy. and behind the {Kuapets of a inurfar battcrv, in 
anyplace not imniediatclv in front of (be plutfomis. These howeter are 
Inm’eJy intended as Kmali look-out stiiiiuMs for rneii to fit.'uid upon, in order 
fo watch ihi' enemv’s moveimoits, as also to obsme the elVeet of the tire of 
. tiieir own battery, ( onseqnentiy they are not made mo high, nor so largo 
fn anyway, nor with .such a eonvenieiit slope, as those portions of ban¬ 
quette wdrich are eonstnictcd behind tin* merlons of a regular fortress. 
Nor indeed is tboir Ibrni of any cunsequeucc whatever, provided there is 
room for one or two men to stand eoiiveniently and see over the pariqiet. 
&«cli betim the case, it was not thought worth while to represent them, in 
tlM plan and seotious of our field battery. 
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tniK'c of ratluT less than 2 )ard!i; the above being supposed to be 
equal to the Iiright of the haihut nearlj. 

!) 7 . Diaw lines across tin-ticad of your banquette, parallel to 
the « Nlr« iniiu-*? of sour harbets, at the dutance of rather less than 
I \aid, ill order to represent the slope of the adjoining part of each 
ol the>:tid e\tii initios, which is supposed to be equal to its height.* 

f)8. Draw the iutf‘iior slope of each of the ramps of jour bar- 
bets, making it equal, at lop, to the re\tise slope of the barbel itself; 
and ft<1111 then((‘ 'riadually falling awujr to nothing at bottom. 

Diaw also the exterior slope of each of these ramps, mak¬ 
ing it »*qujl, at top, to the slope of the adjoining jiart of the extre- 
mit j of the b.ti In t; ,ind from thenee falling aw av to nothing at bottom. 

Vonr b uhrts aie now ilnislicii, which being supposed to be 
aliOMt •. c Ineh, and tlu'ir ramps 10 juids long, the latter are 
(0,1-1 |iii I i\ (onstrueted with a slope, whose base is in the pro- 
pi itioM ('i six times the height. 

Thi (.\ •> b.iibi Is, whu li jou have just drawn, will be sufficient to 
( \p'Mil th<‘ maimer in whuli these woiks u^e represented in a 
liiii^lu <i jd in of fortiticalion; and tliercfore wc shall not introduce 
an\ iiioie of them in our piesent half octagon. It will, howe\er, 
be understood, that barbets arc not limited in their position, but 
iiK'v be coiistiiicted behind anj' part of the parapets of the body 
of the plan', as also behind any part of the parapets of tlie rave¬ 
lins and other outw'orks, which may be judged proper, although 
the salient angles arc usuallj preferred. 


* 'riie baiiq(ieft(‘b of tiic Ibitresf, an* 3 feet 2 inches high, as will I»c seen 
bv reierring to the aeetioiis; and the barbels are suiqioscd to he 5 feet 
hip^h. 'J'hc diffeietHT between tlieac diineusions, which is 1 foot 10 inches, 
Will tlicrefoie show the hidgbt of the slope of the (‘xtreinitj of the baibet; 
the base of whii'li slope is supposed to he the same, hut on so small a sealo 
wc cannot niuk<‘ it iiinch less than 1 jurd, in our plan. 

tOL. II. R 
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TIjc body of tlu‘ plsu-e of our half octagon being now complete, 
we bhull next piocecd to finish our ravelins. 

By referring again to the second fnjuie of sour sections, \ou will 
Hud, that tlie ban* of the scarp resetinent of your ravelin is ,# fi‘et, 
or lather h hs than 2 said**: that the exterioi slope of the parapit 
of your ravelin, iiiciudiiig the berm, is 11 feet, or vaid*.; that the 
terreplein <if the niveliti is jO tei t, oi 1() vaids bioad; that the base 
of llic interior >.lopt^« of die laiupart of t(te laveliu i** 12 lett, oi t 
yaids; and that the thickuest. at t«>p, and inUiioi slope, «>f the 
paTa|>et of tiu Mviliii, as aU i the diineHsh>iis ot the bampiette of 
tliat work, are the same as thoH‘ ot (iu b<»d\ (d the plac(>. 

100. Ill front, tluitfoie, of the Maip inns of voui Tavtiuis, 
you will set oif about 2 yards, perpeutlu itlaily, loi the slopt ot 
the scarp R'vctmcnt. 

And iu rear of the <:carp hues of voiir ravelins, you will set olf, 
successively and pt i[H'iKh( iikub , the iollowiiu; disiaiu «'s; 

First, vards for the ivktioi «lope ol the paiaiiel; 

Secondly, G vards for the ihirkness of the parapit at top; 

Thirdly, U) y.u<b for the lireaillli of tin* terreplein; 

Foutthly. 4 yaids for the iiiUiior ‘«lope of the rampart; 

And throutili the v in ions points, thus nuiiked, diaw lines, alt 
louiid, parallel to the •■caip liiu‘s of your ravelins. 

101. In rear of the interior crest of the parapets of your lave- 
lins, draw puialle! lines, ail rouml, at the dititnnec of rather le^s 
than 1 van!, to lopieseiit the iiiteiioi blope ol the paiapels. 

By referring again to your 5»cctioij, you will further find, that tlie 
base of the slopr ol tl.e goige levetmeiit of your ravelin ii Mi feet, 
which Is rather nion than I yard. 

102. Ill rear of tlie demigorges, atid break at the gorge, of 
each ravelin, you will tk.'rcfore draw parallel lines, all rouud. 
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at die diatanGc of about 1 yard, to allow the slope of the gorge 
jevetmcnts of your ravelins. 

10'}. fii the right face of your center ravelin, produce back¬ 
wards those hues which represent the sides of the drawbridge, as 
far as the bottom of the interior slope of the rampart of that face. 

104. The lines, thus produced, are to represent the sides of an 
oi>eo gateway or cummuiiicatioo, sijipposed to be cut entirely 
tlirough the rampart of the right face of die center ravelin of your 
figure, llie whole of the paralJei lines, which intersect the said 
coinmunicatioii, must therefore be rubbed out, excepting that 
%%liM'li forms a part of the ongiiial scarp line. This is left, because 
it agret s with and represents the back of the drawbridge; and 
Uierefoio, in afterwards punning your drawing, you must recollect 
to mark it black. 

We shall nr\t draw embrasures, to represent the pontion of gun 
batteries, which may be established on the ramparts of our ravelins. 

10.). In each of the faces of your ravelins, excepting that where 
the bridge is represented, dra w a battery of 3 guns, in the usual 
manner, placing the center of the first'embrasure at the distance of 
(20 yards from the salient angle; and laying out the line of fire of 
your embrasuies, perpendicularly, or nearly so. 

106. In each of the faces of your ravelins, excepting as before 
that where the bridge is represented, draw a second battery of 3 
guns, placing the center of die first embrasure at the distance of 
53 yards fkom the salient angle; and laying out the line of fire of 
these embrasures obbquely, so as to bear not only upon the opposite 
reentenng places of arms, but also upon the branches of die 
covered way of the adjoiningtRastions. * 

107* In the left portion of the right hce of the ravelin of your 
center front, draw a batteiy of 9 guns, placing the center of die 
first embrasure at the distance of 8 yards from the ac^oiBHig side 
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ifi die open gatewejr there represented; and let the line of fire of 
jour euilnasiires be pci 4 >cn<iicular, or nearly so. 

108* In the right portion of die r^t face of the ravelin of your 
center front, draw a battery of 4 guns, filacirig the cental of the 
first embrasure at the distance of 8 yards from the adjoining side of 
the said communicatiou: let the line of fire of the two first guns of 
diis new battery be directed upoH<lhe road of comniunicatjoii, which 
is cut across the glacis; and let the line of fire of the remaining 
guns be laid out, ao as to bear not only upon tbe opposite reenter¬ 
ing place of arms, but also on tbe adjoining branch of the co\ered 
way, of the light demihasUon of tbe same front. 

100. In roar of the whole of the parapets of your lavelius, 
excepting those parts where the batteries and gateway are marked, 
draff parallel lines, all round, at the distance of about 11 )aid, 
to represent the tread of the banquette; in tear of which, draw a 
second set of parallel hues, at the distance of about H yards, to 
show tbe dope of the bauquette. 

110. At tbe distance of H or £ >ard8, fiom tlie center of the 
extreme embrasures of each battery, draw lines from the bottom 
of tbe interior slope of tbe parapet, backwards, in order to repre¬ 
sent the extremities of the broken portions of the banquettes of 
your ravelins: let these lines have a moderate splay outwards; and 
complete the form ci each of the said extremities, in the usual 
manner, by drawing small figures resembling sections of the ban¬ 
quette. 

The form of tbe baqqfiettes of our ravelins is now complete. 
We shall next draw theh' ramps; and as the height of the terre- 
pldn of the raveltns is 1£ feet, or 4 yards, according to the section, 
we n^ make our ramps SB yards long, which will give them a 
slope, whose base is in the proporti^ of seven times the height. 

f 111. On those lines which represent the hack of the terreplein 

file fiices of your ravelins, from their coHitnofl intersection or 
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angular point, set off 10 yarda each way, excepting m the right 
face of the ravelin of your center front only. 

112. From the poiiit<i, thus marked in the faces of your ravelinai 
as centeisy with a radius of 28 yards, make intersections upon the 
bottom of the interior slope of the rampart of die same laces. 

These new points are to mark die fo6t, whUst die former set of 
points w'ere to niaiit the top, of the exterior sides of the ramps of 
}our ravelins. 

113. Draw the exterior sides of your nrops acconKngly, by 
joining the proper points; and complete die form of the ramps of 
your lavelins, in the usual manner, making them 5 yards wide. 

114. Draw the imarior slope of each of the ramps of your 
raielins, making it 4 yards uideat top, which is equal to the inte¬ 
rior slope of the rampart of die ravelin, and from thence let it fall 
an a\ to nothing at bottom. 

In dials ing these slopes, the top of each ramp will necessarily be 
produced, inwards, to the distance of 4 yards; and in 6sch adjoin¬ 
ing pail of lamps, these produced lines, if correedy drawn, wiU 
meet each other in the capitals of the ravelins. 

llo. In all your raieliiis, excepting that of your center ffont, 
from that [mint in the capital of each, as a center, which is inter¬ 
sected by the above produced lines, describe an arc conneedng the 
tops of the interior sides of the adjoinii^ ramps. 

These airs will represent the new form, wbidi is supposed to be 
giveu to the back of the terrepleiu of die above ravelin% in <mnse- 
quence of the* construction of the ramps. 

116. Ill the left face of your center ravelin, rub out the whole of 
that part of the orig^inal interior slope of the parapet, which is 
beyond the top ef the ramp represented there; and produce the 
interior Side of the said ramp, outwards, until it meets the back of 
the terrepleiu of the right face of the same ravelin. 

117. Bisect die bugle, winch is formed by the above/lines, 
namely by the ioteabr ride of the ramp of your center ravelin pro- 
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dii4cd« and die beck of the terrepkie of the right face of that 
leork ; and produce backo'aids tlie top of the above, ramp, until 
it meets the said bisecting line. 

118. From thepoiiil of intersection, thus found, as a center, 
describe an arc, commencing at the top i>f the iiiterior side of 
the ramp of >otir center raielki, uhich you wiii continue, until 
it meets the back of the tempimn of the right face of that uoik. 

119* From die same point, as a center, but with a radius 4 
yaids shorfer (tAis equal to the i^erior elope of the rumpml 
<f the ravelinJ, describe a second arc, coniH^Uiig the adjo’uiiiig 
iNtremity of that line, tvhkii represents the bottom of the iiiteifoi 
slope of your ramp, to that whicii represeutoi the liottum of tin* 
iitteiior slope of the rampart of the right face of the lavehn. 

The arcs, thus draun, in your cmiler mveiin, n present the lu^w 
form uhieh is supposed to be given to pait of the lirrepiein and 
interior slope of the rampart, in real of the salient %npie, in ronsi- 
queiice of the construction of die ramp. 

A new ramp must next be draun in the same lawhu, foi t'u 
purpose of ascending to that pait uf the terrephin, uliieh )<i to tin 
right of the gateway; init as tliere is not room theic for a taiiiji 
equal in extent to the former oues, the length of the new ramp 
preposed must be diminished to 20 )auJs, die slo|ie of wliicii will 
be in die proportioo of five times its height only. 

120. Upon the bottom of the inteiioi slope of the rainpait of the 
ri^t face of your center ravditi, at die distance of 4 )aids to die 
right of the gateway, mark a point, to show the posiiiou of the 
foot of the exterior ride of your projiosed ramp. And from die 
•obove point, as a center, with a radius of 20 yards, make an inter* 
seetioB oo the back of the terreplein of the same face, iu order to 
show the poritioii of the top of the said exterior side. 

Daaw the exterior side of your ramp accordingly, by con* 
the pcntitl, thus mailed; compkte die form of your ramp 
oaoal manner, making it h yards bropd { and rub out the 
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wbdeof ibit part of tba interlbr slope of the right face of ;oiir 
mvelio, which is beyond the top of the said ramp. 

122. Draw die interior slope of your ramp^ makh^ it 4 yards 
wide at top, which is equal to the interim’ slope of the rampart of 
die ravelin, and from thence failing away to nothing at bottom. 

123. Pioduce the interioi side of your ramp as far as the right 
demigorge of your ravelin, in rear of which produced line, and 
parallel to it, draw a second hne at the distance of 4 yards. 

lliese two lines will represent die uew form, which is supposed 
to 1 k‘ given to a part of the teireplein, and interior slope of the 
lanipart of the right face of the center ravelin of your figure, in 
consequence of dio cmistructioii of your last draw'u laoip. 

W e shall suppose the exticmities of all oui ra\clins, as also the 
Miles of the gateway, in our ceiitei ravelin, to be reveted, with a 
sJojM* of about one sixth of tlie height. 

12 i. \t*eaeh extiemity of the ramparts of your ravelins, you 
will theielore diuw a figure resembling a distorted section of the 
lavcim itseli; making the said figuics, howevei, for die sake of 
t liaiiHS«i, lailiei larger than, stiictly speaking, the above*ineiJUoned 
slope ot one sixtli ought to punnit. 

12^. At the extremity of each broken portion of the right face 
of youi ccntci lavthii, you will also draw a figuie lesembiiiig a dis> 
torted section of the rampart of the ravelin, making ib for the same 
reason, raUier larger than its actual dimensions are supposed to be. 

The ravelins of our fortress being now complete, we shall next 

finish our teuaiis. 

—* ^ 

By referring again to die second figure of your sections, you 
w’ill find, that the base of the scarp revetment of your tendl is 
3 feel or 1 yaid \ that the base of the exterior slope of the parapet, 
including the berm, is 4 feet B inches, or yard; that die remain^ 
ing dimciisious of the parapet aud banquette of the tenail are equal 
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to liiose of tbe body of the piece end itvelina $ end thet the base 
of the goige revetnent of tbe tenail hi £ feet 8 inchei» whicii it 
rather less than 1 yaid* 

186. In front, tfamefore, of the scarp lines of your tenails, >oti 
will set off 1 yard, perpendicularly, for the slope of the scarp 
revetment. 

And tn rear of the scarp Itneaof your tenails, you will set off, 
successively and perpendicularly, the following distances; 

First, ] i yard for the exterior slope of the para{>et { 

Secondly, 6 yards for tbe thickness of the parapet at top; 

Thirdly, rather less than 1 yard for the interior slope of the 
parapet; • t . 

Fourthly, about If 3 rard for the tread of the banquette; 

Fifthly, about £ yards for the slope of the lianqiiette ; 

Lastly, in rear of the reverse hues of your tcnaiU, set off rathei 
less than i yard for the slope of the gorge revetdints; 

And through the various points, thus marked, draw lines, all 
round, parallel to the scarp lines of your tenails. 

127- In the curtain of your center tenail produce backwards 
ffiose lines, which represent the sides of the adjoining drawbiidge, 
as far as the bottom of the slope of the banquette. 

The lines, thus producid, are to represent the ludes of an open 
gateway or communication, sup|M>.sed to be cut entirely tliiougli the 
parapt4 of the Cttftain of your center tenail. I'be whole of the 
pantlld Kims, before drawn, whkh intersect the said cornmunica* 
tioD, must therefore be rubbed out, excepting that which agrees 
with the back of the drawbiidge. 

We shaH suppose the extremities of aU onr tenails, as also the 
aideif^oflbe gateway in our center tenail, to be iwveted, with a slope 

dwtit one sixth of the height 

ids. At each extremity of the tenails^ represented in your plan, 
you will therefore draw a figure lesemblhig % distorted section of 
tbe tetudi itself; ffudeng the said ^gom, Itbwever, for the sake of 



finished PMN dp a nPeULAHtDOfAGON. 949 

dem i fl M, miller leifer^ theti^ Ihs «bom«nica- 

tiotied ilope of one etslii ought to 

]C9> And on each ude of the gatewijr MpameiilDd in the tw»* 
tain of jour center tenail, jou mill, in Mm timimaij^dmw a figure 
resemblmg a disproportionecl sectbrf of ibl fiampet tad banquette 
of the tenail; al&o eolatgilhg tfaeeaneut d jli iroi^ like the formeroncs, 
somewhat bcMind their just ffimaaltous, and fint the aume rcaaou. 

Tlii^ being done, joor tenails uiH be oooiidtai* We shall next 
proceed to finish our coonterscurps and cov ete d wtj* 

By referring again to your secliofii, yon will find, diat'the 
base of the slope of your counterscarp revetments varies from S 
feet 6 inchai^ to 3 fett B mchea, neither of which dimensions is 
ifiucli more titan ] }ard. 

130. In rear, therefore, of the various counterscarp finee of your 
fortress, diaw itfibs parallel to them, at the distance of ratbmr more 
than 1 }ard, in older to represent the slope of the countermaxp 
revetments. 

131. In rear of the crest of your glacis, you will tkCsi draw 
parallel lines all round, at the distance of nUher leas than | yard, in 
order to lejiresent the interior slope of the parapet of the covered 
way,* 

13^. each side of the rampa in the reentering places of 
arms have a slope, at bottom, equal to the interior slope of the 
parapet of the covered tad from* thence fidfi^g away to 
nothing at topi and draw the alopeeoC the said ramps accord¬ 
ingly. f \ 

133. In like manner, in the communicatioii, iwfwnaeiited across 
the glacis of your cataeriiaveliii, let each side of the road hate « 

* As part of the eov|ppd way only wig be tamed with bangufMlta^ dm 
same lemarks here appl^ timt wem balsre used, in treating of ththtaftar 
(dope ofthe parapet of ^hedj^W the pinot). fgiu jMW« S34.) 
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djOtpe, in tear, nqnal to the J^riof slope of tbe pnmpet of tbe 
covered waj ^ but from tlime failing away to nothing in front; 
and* the saki sbpes accordingly. 

fi ■ ■ ■ 

Before we draw the banquettes of tbe covered way, it will be 
^ proper to iiniab the travetM^-. We shall suppose that they are of 
the same iutenor height as the of the glacis nearly, that is 
from 7 feet 6 indies to 8 feet. If we furUier suppose, that the 
traverses have a dip oroae siath of their thickness at to\t ; then the 
exterior he^ht and slope of each will be about 1 \ yard, or a little 
more. TW banquettes of die traverses, as well us those of tlu* 
covered way, are supposed to be 1 foot wider than our fortner 
banquettesi^because a part of them is occupied by a row of pali* 
aad^; but . on our presmit scal^ it is scarcely worth while Kt 
notice the difference. 

Ii54* in ffmit of each of your traverses, you will therefore set 
oS, popea^bcnlaily, abemt If yard for die exterior slope ; and in 
rear of each traverse set off, successively and perpendicularly, the 
foUownig distaoces; 

First, nther less than J yard for the interior slope of the tra« 
verse;: 

Second]^, about II yard for die banquette; 

Tlurdly^ about £ yards for the slope of the banquette; 

And through the varbns potato, thus markefi, draw lines paraliel 
to the front or back of each traverse." 

135. From tbe Girard exHeaity of each traverse, hi rear of the 
^iiSaiiiir cie^ of it, draw a li^t line tir show the extremity of the 

banqpil^ ^ tbe traverse; and let theie iinea ohhqoe backvranto 
covered way, with a modf^ate aplay, in order to give 
more roovi'l^ the passage. 

136. Al inward extremity of eadi triversc, draw a small 
lesembtuig jr dispropordon^ section’W the traverse; and 
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rub out tbow |Mut8 of your originul countemcarp Imes, which interr 
feiti witli the md figures. 

IJ7. At the outward extremity of each in»irerau» draw also a 
siiiali figure, resenibliug a distorted sectioii ol tho same; but in 
oidci to give more room for the adjoiniitg |iiS8age, round off both 
.iiigles of It, ill the manner explained sn. a former chapter of 
tills work. (Sic Chap, XI,page 302.) 

Thu bciug done, the uew figures, thus drawn, will not, like the 
former ones, reptescul the wiioleof the hues which ought to appear 
111 a section of the traverse, but will be impel feet at die angles* 

\N e shall next draw the banquettes of the covered w ay, obsendug 
liowcsei that none must be represented opposite to the outwud 
(xtieinities of the traverses; because tlie banquette could not be 
contiiiuetl in these poi lions of the covered way, without blocking 
up the necessary passages, llie road of coinmunicatton and die 
laiiqis m the recnteiiug place of arms, must also of course be left 
fiee. 

I IB. In icar of the whole of die crest of die glacis, eacepfing 
the ahove>niciitioned portions of it ouljr, you will therefore draw 
paiailel lines, all tound, at the distance ol about ]I yard from the 
bottom ol the interior slope of the parapet, iu order to repiescutthe 
ticad of the banquette; in tear of which draw a second set of pa« 

1 aili I lines, at the distance of about 3 jarcU, to show the slope 
of die banquette of the covered way. t 

'J'he extieiuities of the broken portions of the banquettes of 
}our covered way must next be represented, which must be done in 
the same manner as those of your former banquettes. 

t^O. Draw right lines to represent the extremities of the various 
broken portions of the banquettes of your covered way accord* 
Let a part of these hues be drawn from die inward extra* 
imty of each of those small breaks iti the crest of the glacis, which 
rcpreitent the front of the passages of the traverses. Let a part of 
diem be drawn from the inward extremities of the sides of the load . 
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of communicfttioii, and rampt of tlie covered wtLy> Let the 
retnainder of them be drawn at such a distance from tlie rear of 
each traverse, as to leave a clear passage of about 31 or 4 viuls in 
the narrowest part. And let the whole of them have a modi rate 
splay outwards* 

140. This being dots^ complete the form of the said extremi¬ 
ties, in (he usual manner, by drawing small figures resembUng 
sections of the banipiette. 

The whole of the covered way being now complete, we shall 
next finish our caponiers, and bridges, winch at picseiit apfiiui in 
outline only. 

141. From the crests of the parapets of all your caponiers, set 
off, successively and perpendiculail}, the following distances, 
inwards; 

First, rather less than I yard for the mterior slope of the 
parapeft; 

Secondly, about H ^wrd for the banquette ; 

Thirdly, about 2 yards for the slope of the banquette; 

And through the various |>oints, thus marked, draw lines parallel 
to the crests of the parapets of your caponiers. 

We shall suppose the outward or advanccHl extremities of our 
raponiers to be reveted with a slope of about one sixtli. 

142. You wiH therefpie complete Uie fonn of the said extre¬ 
mities, in the usual manner, by drawing Btiiall figures resembling 
dispioportioned sections of the cafionier, xvbich, for the sake of 
clearness, you may make a little larger than their just proportion. 

Stikdy speaking, small figures, resembling dupioporuoned sec- 
^dops, ought also to be drawn at the inward extremities of the capf>- 
Dters, because they terminate upon tlie scarp levetmciit of tlic 
tertai), which si a sloffing luiface. But we shall not lepresent the 
slid figures in otn present plan, nor ate diey ever represented in 
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general plans of fortification, because, unless the scale were a great 
deal larger than 50 yards to an inch, which in such plans is not 
usual, the small sections, alluded to, could not be marked upon 
that spare, which represents the slope of the scarp rafetment of the 
tonaii, without creating confusion. In w detailed plan, drawn on 
a vi‘r}‘ large scale, and representing a slUiU portion of a fortress, 
such as, for iiistanre, the tenail, caponier, and gorge of the ravelin, 
only, they iinglit, bowe\er, be introduced with propriety. 

()ur caponiers being therefore finished, as far as is judged neces* 
sary ; we shall next proceed to complete our bridges. 

14.M. Across the standing part of each of the bridges, which 
appear in your center frout, draw perpendiculars to represent 
planks, placing the said plunks as near to each otlier as is possible, 
wiUioiit (‘leating confusion. 

I4t. Prodiue the sides of the first plank of each biidge, that is 
to sa\, of that plank which is immediately in front of the draw- 
britlge, about 1 Nurd each way, to the right and left, beyond the 
.si(ie!> of the railing; and join the extremities of these produced 
lines by shoit fierpendiculars. 

You have now, iu all your bridges, formed two small rectangles, 
one on each side beyond the railing. These arc to represent the 
ends of one of the piers or beams, by which the bridge b supported. 
The remaining pieis or beams, ail of which are supposed to be 
placed at equal intervals from each otlier, must next be drawn. 

143. I'or this purpose, divide the standing part of the bridge, 
which extends from the curtain to the tenail, into two eipul parts; 

Di\ide the standing part of the bridge, which extends from the 
tenail to the ravelin, into tea equal paits; 

Divide the standing part of the bridge, which extends from the 
ravelin to the covered way, into three*equal parts; 

And opposite to the various poiiits of division, dius found, draw 
small rectangles, equal to the former, on both sides of each 
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|»ridge, in onkr to represent Uic romstmier of the piers or bcainb, 
irlucb Mrere to be drawn. 

Id n wooden bridge, an; part or division of it, which is supporteil 
b;t\vo adjoining picrS| iaoniled a bay or Tiii: bridgl. 

The bridges of our fortress being now coojplcte, wi shall iK’\t 
proceed to draw the various staircases, and first the staiicas .'* ol 
communication in tho reverse of the several woiK'*. 

146. Upon the bottom of the slope of the gor^e re\etiiK..l » f 
each of }Our tenails, excepting dual of the center fiont af u*w half 
octagon, mark a space of 5 ;ards, axactl) in th(‘ ntiddle of the small 
enrtaiu, in order to show the breadth of the landing pln( c of a pio- 
posed double staircase. {See Chapter / ///, p«gc 

147. From the points, Uuus inaiked, as centers, with a radius of 
6 >ards, make intersections upon the origiiial g<»rg(.‘ line> of your 
tenail, that is to say, upon those lines which repiescnt the toji of 
the slope of the gorge revetment. Let the new poiiiK, tlin> found, 
riiow the position of the top of the interior sides of }<nii proposed 
double staircases; and draw tlie said interior sides arcurdmg)y. 

148., Make your stairca«>e8 yards broad: and draw the top, 
and bottom, and exteiior side of each. 

140. Connect the top and bottom of each pau of exterior sides 
by right lines,, in order to show' the slope of the revetment of youf 
double staircases. 

150. Draw perpendiculars across each staircase, to re|firseiit 
itepa^ as near to each other as is possible, consistently with 
dumneas. 

Thii being done, the staircases in the reverse of our tenails will 
be complete. We shall next draw those of our ravelins. 

151. In die middle of the break at the gorge of each of your 
ravelins, excepting that of the center front of your half octagon, 
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hv\ ofl’ a flpnre of 5 vurds, upon the bottom of the revetment, 
ill order to show the breadth of the landing place of a proposed 
double •!lair<‘a‘' 0 . 

I.'ei. I'roiii tlu points, thus marked, as centers, with a radius 
of 10 )ai(K, make interseetioiis upon the original gorge lines of 
>(>ur that is to say, upon those lines which represent the 

top of the si(»|)t> of the gorge revetment. J.ict the new lines, thus 
found, show ilie position of the top of the interior sides of your 
piop.isL’d double s(.tiirusc&, and diaw the said interior sides accord- 
iiii;l\. 

i I Mak(' xour stall eases *2 yaid.s broad; and draw the top 
and bottom, and e\tetior side of eaeh. 

1 > I. C'oinieet tin top and bottom of each pair of exterior sides 
hs light liius, to show the slope of the re\etnient of your double 
>taireHsi s, and diaw peipendiculuis to repiesciit steps, in the usual 
maimer. 

*^1 Ills l)( itig done, the staircases in the reverse of our ravelins wUl 
he eouiplete. \\ e .shall next draw those of the covered way, com* 
tneuLuii; witli the .stuiieases of the salient places of arms. 

1In the middle of eaeh of the circular parts or salients of 
soul eouuteisi aip, set off u space of o yards upon the bottom of 
the slope of ilu' resetnieiit, in cider to show the breadtii of the 
laiidiiej: place of a piojiosed douliie .staircase.* 

I.Vi. I'rom the jioiiits, thus marked, as renters, widi a radius 
of 10 yauis, make intc i sections upon the original counterscarp 
hues of your plan, that is to .say, ujioii those lines which rcpreseul 
the top <>f the ^I(»pe of the revetments, in order to show the position 
of the toj) of llie interior sides of your proposed double staircases. 


'I'iiis of course int]>li('.s, that one half of the breadth of the lauding 
places will he set oil to the the otiier half to the left, of the capitals of 
the suliciil jilaccs of ariiu. 

n 8 



ELEMENTARY FORTIFICATION, chap.xhi. 

157* Drtw die said interior sides accordingly, by connecting 
die proper pcnots on the tup and bottom of the .slope of tlu* coun¬ 
terscarp revetment; but as the counterscarp is built theie in a 
ctrenUr form, the points alluded to must be connected by cur\ed 
lines, not by right lines, as, in your former constructions. 

138. Complete the form of your staircases, making them '2 
yards broad, and representing the exterior sides of thejii by cuivi's 
drawn parallel to the interior sides, at the above distanci*; but 
marking the top and bottom of each by perpendiculars, in the 
usual manner. 

159. Connect the top and bottom of each pair of exterior stiies 
by curved lines, in order to represent Uie slopt* of the re\ctti!tiii of 
your double staircases. These curves must be drawn parallel t<» 
the original curves of your counterscap, which arc aics of a circle; 
and therefore, in describii^ them, the same points, that is to say 
the salient angles of your bastions and tavelins, must b<; u.sid as 
centers. 

• 160. Represf'iit steps in the usual maiuiei, aiul iho (ioubh- 
staircases of all the salient places of arms of the covered way will 
be complete. 'I'hosc of the reentering places of arms .shall lu .\t 

be draw n. 

161. From each of the reentering angles of the counterscarp, 
set off 4 yards to the right and left in order to show the po.sitiun 
of tiie foot of c aril of the inleiioi sides vif your proposed douhh. 
staircases. 

- 162. From the points, tints marled, as c enters, with a radius of 
10 yards, maU intrrsections'upon tlie original counterscarp lines of 
your plan. Let the new points thus found show the position of the 
tops of the ialeiior sides of your propose d double staircases; and 
draw the said interior sides accordingly. 

163. Make your staircases 12 yards broad; and draw tlie top, 
and bottom, and exterior side of each. 



257 


jaxNiSlIED PLAN OF A REGULAR OCTAGON. 

164. Draw right lines connecting the bottom of each pair of 
lAtcrioi sides, in order to show the front of the lauding places of 
\our dotdde stairca'^es. 

10 >. Parallel to tiuse lines draw a second set of lines, out¬ 
wards, at a distance equal to the breadth of the slope of the coun- 
tel seal p ie\etinent, in ordei to show the extent of the slope of the 
re\etiiient of \oiir double stall cases, in that part of each, which is 
iininediati 1^ in fjontofthe landing jilacc. 

16<». Diaw tlu' slope of tin leMtinent of each of the exterior 
suits oi void doublt t>tuireas< ^; making the said slope, at bottom, 

((pi.il to that of the < onnti ist aip revetment, and fiom thence falling 
awav to nothing at top. 

'fills being doiK', the whole of the slopes of the revetment of each 
ol voui iu*w donbh* stjiiirases will be complete, which by reason 
of the aii<;l«‘s, could not he drawn in so simple a inauner, as the 
coiiespondiiig slopes of > our foriiiei staircases. 

167. Diaw pel pendu'ulars, in the usual niauncr, to represent 
steps, and all the staircases of the covered way of your half octa¬ 
gon will be complete. 


KF.MARK. 

Jii afterwards penning }our diawing, }Ou may leave your lauding 
places open in lea: (in the manner represented i/i the second 
/fguic of a double '>tairca!iCf giicn tn page 1.79), in order to de¬ 
note, that the said lauding places are supposed to be on the same 
level with die bottom of the ditch. 

But if, as is suiiietinies die rase, the landing places of our stair¬ 
cases were .supposed to he raised one step higlier than the bottom 
of die ditch, then it would he necessary to lepresent the said step 
h> a line drawn across the reverse of the landing plare. In the 
staircases of the salient places of arms, this would he done by a 

VOL. II. 


S' 
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curved line; but in all the remaining staircases of communication 
by light lines. 

When the ditches of a fortress are wet, the landing places of the 
staircases of coinniunication, arc always placed a little ubovt the 
level of the surface of the water, so that men may be able to step 
out of a boat conveniently upon them. ConsequeiitlN iIkn uie 
always at a coiusiderable lieight abo\e the bottom ot (lie ditches. 
Sometimes, also, when the ditches of a foitiess aie dr\, the landing 
places of the staircases in the )e\cise of woiks are not pla<ul on 
or near the level of tlie bottom ol tiic ditch, which we have 
hitherto supposed to be the ca^e, but at the height of (> or 7 kt l 
above it. This is done, in order to prevent an tiieiny fioin peiu- 
trating easily into the various outwoiks by nuans of the st:iiicuse% at 
the gorge; and in this case (lie tioop‘« ot the gairison theiiiseivis 
an obliged to use slioit ladders, foi tilt pin pose of ascending lium 
the ditch to the level of the iaiidmg places, vvliich tlnw diuw up 
after tlicm into the interior of Uie woik, as soon as the whole ot unv 
party of men, sent there on duty, have ascended. 

In drawing the plan of a staircase of tlie last-inentioned desciip- 
tion, the back of the landing place, and consetpientiy tiie foot ot 
each interior side of the stall case's would not exactly agiee, us in 
our former constructions, with the bottom of the inteiior slope of 
the gorge revetment of the vvoik, in which it is snjiposed to he 
fbnned; but would require to be drawn a part of the way up the 
laid slope. 

For‘instance, if wc suppose a double staircase to be coiistnicted 
in the reverse of a work, die lainling place of which is supposed 
io be raised to the height of 6 feet above the level of the ditch; 
whilst the gorge revetment of the work itself is 18 feel high above 
the same level; then the landing place being by supposition une 
diird of die total height of the revetment, it will be evident that 
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the hark of the landing place must, in a plan, be represented by 
a line diawii in fiont of and paiailel to the bottom of the slope of 
till gorge revetment, exactly one third ^'vay up that space which 
upicseiitH tlie said slope. And the Extremities of the back of the 
hiiuhng pKico, thus drawn, will also represent tlie position of the 
bottom ot each interior side of the proposed double staircase. 

Put It IS hue to be observed, on former occasions, that even 
under the above supposition, it would not be W'orth while, in any 
general plan ot fortiiication, to mark die difference between the 
position of the back of the landing place of a staircase of thb 
kind, and tlu* bottom of (he gorge revetment of the work in which 
it 1') sujrposi'd to he cunstrui ted. For example, in a landing 
pluct (> fi^et high, tile above difference would only be 1 foot, admiN 
ting that the gorge icvctmeiit had the usual slope of one sixtli of its 
height, 'riiis dideieiicc, it may easily be conceived, w'ould be hy 
lar too iiisignincant to notice, except iu a detailed plan, drawn on 
a niueli larger scale than 50 yard.s to an inch. It is proper, how- 
ivei. as 1 must again repeat, tliat «uch minutiae, in the art of plan 
diawnig, although frequently omitted in practice, should be tho» 
loiigiilv understood. 

Having made these remaiks, w’c shall return to our construction. 

1G8. Exactly in the middle of the center curtain of the body of 
the place of your half octagon, set off a space of 4 yards on the 
bark of the terrepleiii, to show the breadth of a gateway; and in the 
middle of each of the remaining curtains of the body of the place, 
set off, ill like mamier, a space of 5 yards pn the back of the terre- 
plein, in order to show the breadth of posterns or sallyports; and 
from the various points, thus marked, diaxv perpendiculars, out- 
xvards, across your curtains, to represent the sides of the said gate¬ 
way and sallyports. 

These are supposed to be arched over, and therefore, in after- 
w’ards penning your drawing, they must be dotted. 

s 2 
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That part of the entrance of each gateway, which is in rear of 
the back of the terreplein, still remains to he drawn. It is sup¬ 
posed to be left open at top, and is usually w ider than llu* at c her! 
part of the gateway. 

l69> Draw the said entrances in all your curtains, making that 
of your center curtain 6 ywds wide, but those of \oiir leniaiuing 
curtains 3 yards wide only. Represent tlic sides of tluin h} small 
perpendiculars,drawn across the inteiior slope of the i.iinpait; and 
let the center of each agree with the center of the eom spondiii!; 
gateway or sallyport, which you iia\e uheady drawn, lu the s.tnu' 
curtain. 

170. On each side of the above entrances, diaw figur* . < \tcn(l- 
ing across tlie interior slope, to represent staiicast's of the runipatl. 
Make tliese staircases about J }ards wide ; iiiaikiug (heir sales in 
double lilies to show the co[iings, and drawing ahu lines to repre¬ 
sent steps in the usual inatuicr. (See Chapter I ill, pane IJO.) 

171. Diaw a couple of lines perpendicidarly across the cm tain 
of each of your tenails, excepting Uiat of the centei troiu df umr 
half octagon, at the distance of about 3 yards apart, in oidtr t(t 
represent the sides of arched sailspoits supposed to in plat id 
exactly in the middle of eaclitenail; and iccollect, in atteiwaids 
peiming your drawing, that tin* said lines must be dotted. 

172. In every curtmn of youi half octagon, e\ce)>ting the cen¬ 
ter one, ipnrfttuhe front of each sallypoit, upon that spate, which 
represents the slope of the scarp revetment, by a small figure 
resembling a disproportiooed elevation of a semiciiculai gateway. 
(Site the concluding part of Chapter XL) 

Strictly speaking, a similar figure ought also to he drawn in the 
Ciiitaia of our center front, but we shall omit it for the sake of 
deamest^ as it would make the back of the drawbridge, which is 
represented there, appear confused. 

173. According to the strict principles of plan drawing, small 
figures, resembling dispropoilioned elevatious of a semicircular 
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gatc^lay, ought also to be marked in front and rear of each tciiail 
of >our half octagon, e\ccpting the center one* upon those spaces 
mIik li rcpiesciit the slope of the scarp revetment, and the slope of 
the gorge lesctincut, ot tliesc works. You may mark them, if you 
think piopci, ohscrvuig however, that if the breadth of each of the 
said slopes, which in both is small, laid off according to its 
just diiuciisions, it would scarcely be possible to introduce the 
small ligiiiLs .illttded to upon either of them, in a plan drawn on 
oui pusent scale, without creating confusion. 

7'ho whole ot the outline ot your finished plan is now com- 
])leti 111 all its details. 

171. Pen }oui thawing, maiking the revetments by red lines as 
usual, the remainder in black. 

Observe also, that in addition to the scarp lines, crest of the 
glacis, and iiiteiioi crest of each traverse, which, as it was before 
stated, must be penned b} thick lines; the interior crest of the 
parapet of every work must also he made duck. 

It IS likewise usual in a general plan, like our present one, to 
pui with thick lines one cheek of every embrasure all round, 
<h(>osing alwa}s, foi this purpose, that cheek, which is nearest to 
the lop or It It side of your margin. 

17<3. You may next shade }our drawing wiUi Indian ink, in 
which the rules generally observed are as follows. 

i'irst, those parts of a fortress, which are either bori/ontal or 
nearly so, such as the interior of woiks in rear of the ramparts, the 
tenepJeins, banquettes, berms, ditches, and covered way, are always 
left blank or unshaded. 

Secondly, all slopes are shaded; but in so doing, those slopes 
which approach neatest to a horizontal plane, that is to say whose 
base bears u (greater pioportion to their lieigbt than others, are 
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diided lighter in proportion. For exampici tlie glacis is usually 
shaded lighter than the exterior slope of the patapet. 

Thirdly, in coiifomiit> widi a rule mentioned in Vol. I. (Sre 
page 2 G 8 ) the light is always supposed to shine from tht U‘ft 
extremity of the top of a drawing, in a diagonal direction, do\ui> 
waids ; and consequently all the slopes of your foitress which face 
towards the top or left side of your mai^in, must he shadt d iii^ht, 
whilst, those which face tow aids the bottom or right sidi oi it, 
must be sludid dark. 

Foul lhl>, in shading slopes, tin Indian ink is applied strons:< r.it one 
vide than at the other, but the dilfertiicc oi shade nmst b< uradual, 
the daikei paits being soitened away by degrees and die lull t ih r i 
required must not be attempted all at once, but by applying vi\( i d 
successive shades one over the oihti. 

In those sides of a work, which me supjiosid to fait ton aids 
the light, and which are thcrefoie shaded more lightly than die 
others, as was befoie obseivcd, the various slopes must Lu sitadtti 
ofT, as it IS tailed, from the bottom iipwaids; that is to sat, the 
darkest part of tlic shade must be applied to that Inn, ninth 
represents the bottom or foot of the sltipe. 

In those sides, on the contrary, which aic not supposed to face 
towards the light, and whith t oiist'quiiitly must he made darkei 
than the former, the various siopis must be shadetl oif fioin the 
top downwards. 

Such are the rules, usually kept in view, in shading the finished 

« 

plan of a fortress; but deviations from them may often be observed 
in well-executed plans, cither for the sake of producing a better 
* effect, or to render the plan clearer, vvhidi last point, next to accu¬ 
racy of outline, is the principal merit in fortibcational di a wings. 

176 . You may next, if you think proper, colour your di awing, 
(lie rules .for wb jcb are as follows. 
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Earthen slopes, such as the interior slope of the ramparts, the 
whole of the parapets, the traverses of the covered way, the glacis, 
and the slopes of the various banquettes, arc usually washed over 
Milli a light tinge oi gieen. 

Drv ditches aie washed over with a light tinge of brown, re* 
spiiildiiig the (olour of sand. Wet ditches, when any are intro* 
(iiiced, wliK li !•> not the case in our present plan, must be washed 
ovei with a ligiit tinge ot blue to repiesent water. 

Woodwork i> usualK (olouied, so as to resemble the natural 
ap])caian( e of UiuIki, bciuic U is painted. 

Ill the plan of a foitiAed cit^, when the streets are represented, 
tiu houses of llu inhabitants are alwa\s stained red, this being the 
roloiii chosen to denote inasoniv, as has frequently before been 
mentioned. In nuhtar} buildings, howevei, paitieularly such as 
arc connected with the fuitihcations, a diderent practice is usually 
follow id. In these, not tlieii foundation or ground plan, but their 
loots au often shown. Fortins pm pose, after completing the out¬ 
line of each building, which is thus to be lepresented, lines are 
drawn to 111 . 11 k the lidixes and fuirow's of its roof, the sloping sides 
of which aie afterwards shaded with Indian ink, according to the 
lules befoie stated ; and tin' whole is tiictit washed over with a light 
tinge of bine to represent slating. 

Strict!) speaking, the same rules, which hold good in representing 
one kind of builduig, ought also to apply to all otheis, at least in 
the same plan. It is better however to make the above distinction, 
by means of which it can be seen at once, whether the buildings 
represented in die plan of a fortress are civil or militaiy. 


In penning streets or buildings, those sides, which face towards 
the top or left .•Ade of the drawing, are marked by thin lines, whilst 
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die others are made tliick; llie foniicr to n'lireseiit tin* light, iho 
latter Uie shaded sides of the houses. 

In architectural or mechanical drawings, lopit sciitiiii; huildiitu«>, 
carpenter’s work, machinery, ifcc. the above niie ^ alwavs foliowed 
in legard to the duckncN', of lines; so that, geneiallv speaknisr^ 
about one half of the lines intioduced in tiiein aie pi uind (lun, tlu' 
remaining half being penned tliick, according to the diuition troni 
Mbenee the light is suppoM d to shine. 

I'loni the nature of the objtM'ti lepiesented in ‘•lu h diavviuL’'', 
this conliihutes verv imieh to rriidei tliein clear and distniit. lint 
in plans of fortiiicution, in which a \cr\ gicat iniinhcr oi p.iralh I 
lines are generally introduced, the same method, if lollowtd, 
W'ould create (onftision; anil theiefore the piim ipal liiUH of a foi- 
tress on)> aic penned thick, iu oidtr to distnigiudi tlum fioin (he 
otheis. Without any regard whatever to the diiection of tiu liulit. 

It may also bt. ohseived, that, in geomi tiinil diawmus ot Imtl.h 
logs, machinery, Ike. and more parttcularlv in elevation^, the sha¬ 
dows of the various parts aie often iipiescnted, winrh wlnn 
judicioudy done, not only enibellislies such diawings giuitly, but 
contributes to theii clearness. In plans of fortiticatioii, on tin* 
contran, this is seldom or nevei attempted, because, iii these, it 
would pioduce quite a difi'erent ('ffect. 

Part of the remarks, which have just been made, upon shading 
and colouring, kc. do not apply to our present plan, in which, fur 
instance, no buildings either civil or military are icpreseiited. 1 
thought it best/ however, to introduce them here, in order to cuin- 
plete diat part of my subject which relates to plan drawing; and 
which could not^Jn all cases, have been clearly explaiued, without 
occasionally mixing it with tlic rules for the various constructions: 
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although the woik would rcrtaiiilj have been more meUiodical, if 
they could couveiiiewtly have been separated.* 

177. After )ou have shaded, and if you judge proper, coloured 
\our drawing in the niannci above directed; write, as tlic title of 
it, in iai"c letters, in any convenient place, the w'ords plan op A 
nr.ot l.Mt (Hl4(,ON lOllTiriKD ACCORDING TO TAUBAN’s 
1 IR.^T S 1 l.M. 

17 H. Ins«-if u finidufl scale an\ where near the bottom of your 
margin : pen it; and wiile r»\er it, Stfi/e of M) yards to an inch. 

I7it. Finish \oin tnamin, in the usual niunner. 

REMARKS. 

[n your present consti iiction, you must have observed, that 
after the simple outline of }Our half octagon was draw n, by far 
tlio greater part of the remaining lines, which were necessaiy for 
(oinpleting the linished plan of it, were found by merely referrii^ 
to thi* piofile or section^!. Hut the method of transferring dimeii> 
sions, fioin a section to a finished plan, is grounded upon such 
\(i\ siniple principles, tliut when once thoroughly explained and 
iliustiated hv examples, in so ample a manner as has been done 
ill our present plan, it could never be necessary to enter into any 
detailed explanation of Uiesc priiici[de 5 a second time. 

In like manner, the rules for drawing the figures, resembling 
distoitcd or disproportioncd sections and elevations, which generally 


Rome of the above roniarks on sliadiiigaod colouring will also appear to 
be a repctilioii nfwliat was said upon llie same aubjcMCts in the first voiitme. 
This was done fur tlieeoitvenienc} of those readers, who from theirprevinns 
education may find it minoeessary to provide Ihcnischos wiUi a copy of 
that volume. Jt may be obi<erved, however, that the passages thus 
((‘peated do not oeeiip> above a page at the utmost; and in other respects, 
the two volumes are independent of each other. 
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tppear in finished plans of fortification, are in thcuiseUes exceed¬ 
ingly simple; so much so, that a person, uho has oiue made him¬ 
self master of them, and exemplified them h\ practice to a suflu lent 
degree, can lustr be at a loss as to tlie proper method ol applMiig 
the same rules, in an> new cases which ina\ occur. 

Moicover, in drawing tlic ramps, barbels, staiicasts, ivt. whiili 
must be introduced mu finished plan, a coiisiduabh pait ot the 
necessary dimensions ma} also be found b) a simple uinuKt to 
llie pi utile 01 sections. The* slope of a lamp, toi mstaiue, is 
usualK made equal, iii its widest pait, to sonu ad)omiiiir ^lopt, 
such as the iuteiioi slopf of the rampart ot the bode ot the phu i, 
raselm, orotlier work, wheie it is supposed to be totiiud, and m 
like manner the sIojh* of tiic icsctmenl of a staircase ot cotnmuin- 
cation IS made equal, iii its widest pait, to tin slopi of snuK 
ac^omitig lexe'-tmeiit. 'Ihe kugtli of each rump and stauease is 
also usual!) deteimined so as to bear a certain piopoilton to li.t 
height of tlic iesp(>(Use works, lu which they are eoustnuttd, all 
of which heights uic generally maikc'd in the jnuuipal »(< tious ot 
the fortK ss.* ConstqueiitK, to those who uie aeqiiainti d with (lust 


* The pniporlion, whuli the length of eifi} tamp, lutroduecd lu out 
present plan, bears to the height of the terrcpiein of the work, ui whu h it 
IS constructed, has alread) been (xplained. itb res}>eet to the saiious 
atairrases of ctioimuuieatjoti, the 1< ngth of carli has bee n madi' iii sut It pro¬ 
portion to its height, as to admit ut steps about 1 foot broad, and <» iin In s 
Ugb. J'or example, b) refeinng to the second figure of 'vour set lions. }ou 
will find that the reverse of tlie tenail is 14 feet high aboee the level ot the 
diteh; whilst the gorge of the ra\elm is 22 feet high abuee tile same leeei, 
aadACeordingl), in the former work, the staircases wore* made 6 yards long, 
in the latter 10 yards; the length ot each staircase being greater than its 
height, by about one third, which proportion is exactly ealeulated fur steps 
of the abovO’Dientioncd sisee The staiieases ol the eovered way base been 
made equal in Icngtii to those of the raseliii, because tbe height ol the 
counterscarp, in general, is nearly equal to that ot tlie gorge revetment et 
the ravelins, as may also bo seen by referring to your sections. 
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details, It is scarcely necessary to state any thing further respecting 
the construction of a ramp or staircase, than its length and breadth, 
with the position of the top or bottom of it; which particulars, it is 
cNident, may be specified in a veiy few words. 

As far as regards the simple outline, and the principal sections, 
which form the siotmdwork and most important part of any system 
of foitifu uiioii, these may, in almost all cases, be amply exploited 
in a \ii\ biief manner, as may be allowed by referring to Chapters 
V, and \ 1, and Platts I, and C. 

Upon tlic whole it follows, that to persons, who have the pre- 
Mous knowledge above supposed; namely, who understand the 
nuthod of tiansferriiig dimensions from a section, and who are 
acquainted with the rules fur the construction of barbets, ramps, 
*taiic.i'*ts, &r., and for properly representing the slujiing extremi- 
tu^ of woiks; the construction of tlie finished plan of any system 
of foititlcation may be explained, in a perfectl} clear and iutelli* 
gihle, and vet in a coiuise, manner, without entering into one 
touith part of the detailed explanations, W'luch have been intro- 
duetd 111 uin piesrnt chapter. 

I'he coimnoii authors on fortification always write in the brief 
maimei, now alluded to. They give a sufficient number of expla- 
natoi v plans and sections, it is true, but io laying down rules for the 
(oiistruction of them, they state the principal dimensions only, and 
they do not, in any case, enter into detailed explanations of the 
smaller parts of a fortress, nor do tlicy ever attempt to illustrate 
the minutiae of the Principlts of Plan Drawing, as applied to the 
delineation of military works. 

In consequence of this mode of treating their subject, aldiougli 
the writings of such autiiois may serve, either to add to the informa* 
tion or reficsh the memory of those, who have previously studied 
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ibitificatioii under proper luasters; thc> are b\ iiu iiii^uus caicu- 
lated to gi\e any just or precise uotioiis of the iiatuie ot a luitilied 
place, to such riadeis as have uo pr<.Muus k.uowhiUi ot the 
subject. 

In the lules, vihuh hau' hitlierto brini giu'ii tor tlic xaiious roii- 
structions, contaiiud in thif hook, a ^er> ditliicat has in mi 

adopted; c^ii> })ojnt that was to bi‘ inaiktd, cmi\ Iuk that was to 
be drawn, and evir> au that was to bt d(s<MiHd, havnu tn all 
cases Ihxii distmctU ami iiubvidualh spu du d. 1 iii> li ts ix (< 
rilv swilhd out our < onstnu lions, to a \a\ unusual hnMh 
but if It had not bem doiu, thc\ would, liki thost ot ionnu 
writers, have remairud almost eiiutilv unintelligible to nadirs iii 
general. 

So much, however, has now bicii done lor tlie sak< of tUaincss, 
that tlie same minute attention to details will not b< nf(('ssM> iii 
future. If vou have paid due attention to die foiegomc; pails of 
diis work, }ou must now be so far advaiicid, that vou omrhi to be 
able to understand every thing that vou inav inttt with m othri 
books of Fortilicatiouand to compiilund with lasi aiiv plan, 
•ecUon, or other diawing, lelative to that art, vvliidi miy tail 
in your way. And for the saitu reason, il it appeared necessary, 
in continuation of my present subject, to explain any othci system 
of fortidcatioii, diffeient fiom that which has just been illustratirl, 
I should diink it quite sufficient, for your guidance, in diawing a 

•• At least all (he practical rules, which, if fuuuded upon just primiples, 

, tarm by far the most useful part of any woik ujmiu this suli|< (t. As lor the 
geometrical theorems, algebnueal iurmular, &r. wliieli many writers on 
finrlilicatioii have introduced for the piiqiose ul demonstrating their rules; 
diese cannot, ot course, he understood without a much greater degree of 
matlicroatiral knowledge, than the first volume of (his work pretends to 
commuiueate. 
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fiurslipd plan f>f it, to state tlie priiicipal dimeosions only, in a con- 
inunncr, uccurding to the practice commonly followed by 
foiiit(‘i \\ I Iters. 

llaxing in.ide these remaiks, in explanation of the peculiar 
^^steln, whirli has h< en adopted in this book, we shall now 
piocM'd lo another part of our subject. 


CHAP. XIV. 


wcirvr A\D roirnru ATiox compared.— 

jui: M:(’i:ssm or i l\nk diJ'ENcj.s explained.— 
-\in AN r\<;j:s or tjik h\.stio\ary syspem of eorti- 
I’lr \TION.—REVfAHKS ON Till: REDAN SYSTEM.—TJUT 
Tin: (;i.A( is or a i tiin ni:ss oi <jnt io rk depended 
RY A PLl N(;iNc;, RATHER THAN BY A GRAZING FIRE. 
— t»J’ Tin: C<»AIMA\D MllK’H THE FLANKS OLGill'TO 
IIA\ r., 0^ ER THE TEN \1L, K.. 


Tilt liiushed plan of a regular octagon, which you have just 
drawn, together with the seelions, that ) 0 u before constructed 
according to scale, nm ser\c to gi\c }ou a complete notion of 
the natiiie of a modem fortress; parlindaHy as all the minuter 
paits, which appeared to require a more ample explanation, have 
been fully treated of in detail. 

I shall now explain the reasons, which have cau.sed tiie above, 
or some similar system, to be ntiopted in modem times, as the best 
method of constructing a legular fortress. 

This raimot he properly done, witliout going back to forma* 
pt'riods, when very diflereiit methods of fortification were in use. 

In ancient times, before the discovery* of gunpowder, no bas¬ 
tions were e\er used. The inclosing walls of a fortress, in tliose 
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dtys, consisted of curtains and toi%erSy \\hich general) v weic eitliir 
round or square. The sketch of the plan of an ancii nt 
FORTBESS was tiicieforc as follows. 



Tlie ramparts were narrow, and almost alwnss of inasoiin, binit 
ucarl) pelpendirulai on both Sides. Tin low i its wtre iisualK 
higher tlian iiir (i rtains, and licqiuiiti\,biit notalwa\s,inilos« d 
all round, so as to be equally stiong tow aids the inti nor of (lie ]>iai<, 
as towards the country. The paiaptts lonsisUd oi walls m\ oi 
sesen feet high, but seldom more than two icet thuk, with small 
embrasures or holes o{Mn at top tor the use of the arclitis or 
otliers defending the walls. 

Tlic upper part of the wall <»i ranipait, including tlic paiapet, 
constituted what was called Tin 

The section of the 
curtain ot an ancient 
fortress may be repre¬ 
sented by the annexed 
figure; in which the 
wall or rampart, tlie 
parapet, and the em¬ 
brasure, are distinctly 
shown 
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111 adiiitioii to tilt small imbiasures above iltsciibcdi there vvtre 
^eiierailv boh s lui tiic saint ust, cut 9 onic\vhere tluou^li the lowti 
pait oi till walls, and paiticulailv in those of the tout is. These 
holts Wilt nsuails about two oi thite fut high, and seldom much 
moil than six niclns wuk on out side, but toiisidtrably wider on 
the otht I Tilt ir s]>li\, wliidi it 6 (inbltd that of an cnihrasure, 
w is nilt ndt «1 for i siiniln puiposc, ni onlcr to enable tht archers 
to cQnuiinid I ''iifluunt spati oi ground to the iijlit and left 
Tins wtio not (lit 111 a lioii/oiitil diieclion, but usualK so as to 
slopi i litth downw irds 

7 li< bolls, thus pu Id (I tint nub i 1 k biilv of a wall for the use of 
ilif rhhndtis, writ ( dlid ( ki nm i s or ioofhoi i s 

Loophohs, puuid thioujli i thick mass of niisonrx, wtic of 

•> 

((uisi liniiud in lilt 11 1 ni_'( , iiul thin must ha\( bun points 
oiitsi it, p IItil 111 ills IK II the foot ol the walk, whcie the assail- 
II ts could not bt s< eii oi annoud fioin nn of them. TIin disad- 
V int i,:t, liowiiii, did not appK to the diftncts aiising fiom the 
h ittli nit iits Jt will 11 iiblv In uniiiistoud that aiihcis posted 
tin It, hi hind tht tliin paiapits abovi distiibid, could casilv dis* 
(ou i tvti\ tliuiir tbit was pisMiig in tht ditch, anilcvtu at tlu very 
hottoin ol dll wills, iMiiiuiii itcK hilow them, and that the > i oiild 
like aim lliiongh then cmlirisuiis ai auv tneni) in that position, 
who might be piipaling to snlt oi oUitiwisi assiult the fortitss, 
in till sarni manner, that bv looking out ovei the sill of the upper 
.viiidow of a toinmuii dwtliiug house, )ou ma\ see and iiic at any 
pi I sons 111 tht stittt btluw, who may be attcniptiiig to break open 
}oui door. 

Theie was an< ibei tontiivaiii e, used m anticnt times, foi the 
cunvtnitiii ( of sboutmg ptipcnditiilaily downw arils, and for 
thiowiiig licavv Stouts, coinbustibks, &.C, upon an tiicni) standing 
at thi buttoin of the wills with a view to assault them. 

/i'his coiisist&d in foiiniug veitic il looplioks, through winch tlie 
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defenders miglit aiuioy the asMiihintH; and as Uic object of tiiese 
was to shoot dowiiMuids iuily, the soldiers wlnj were posted there, 
were protected hva puiafict in front and on e:uli think. 

This cootruance, which shall now be dcsciihed, was tailed 
A MACinCOOL\. 

At the distaiKe of two ktt and a half apail from eat h oiln oi 
thereabouts, st<»ne>. < ailed < okiu.i s w, m- |,mit nito tin wall, 
the ends of wlmli piojeclttl about dint. Ini, oi as imuh as miuht 
be jiith'ed nccessaiv, Inwond tin outside ol it. 

A stone floor, eithei arelieil or * uusisiinjr loui; flat st.uu s, was 

laid over these coibels and supported h\ them, ni which statt tln> 

e\actl> rest'inbh d a (.ommoii hahoin. 

• • 

In the floor of tins hahons, tin seitnal loopitoh^ foi vliootiiu; 
dow'imaids were lut, and the siJi s and tionl of itwtr. ImiIi up 
with a thin paiupct si\ oi se\tn feet high. 

It will easily he uiideistood, that a man standim: Inhiinl thi.s 
covered baiconv oi inachicouiy cuttid not he seen h\ tht eiiemss 
troops from without; and yet that he would have it in Jus power 
to annoy them by* veiy tflectu.il means of de.stiuction, as soon as 
tliey approached the foot of the walls. 

The machicnoty was plated nt.'ir the summit of Uie walls, and 
more especially over gateways, to prevent an euciiiy from forcing 
them. 

From the common battlements of an ancient fortiess, above 
described, it was also possible for men to shoot peipeiidicularlv 
downwards, as was before observed; but then, in so doing, it was 
necessary for llicm to lean over the sills of the small embrasures, 
in which they could not avoid exposing a great jiait of theii body. 

In the machicooly, on the contrary, a man is scarcely ex)K)sed 
at all, for an enemy has no means of annoying him, except by fii big 
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perpendicularly upwards, through a small hole, which it is ainiosi 
impossible to do with any effect. 

In common hulconie.s, there is only one stone used for each 
corbel; but in the machicoolies> which 1 have described, it was 
usual to form the corbels of several courses of stones, w hich added 
greatly to their strength. 

For instance, in constructing a inachicool), which was intended 
to projj'ci three feet be\oiul the general line of the wall, four 
ctmrses of .stone iniglit he used for each corbel; the first or low est 
course to project nine inche.s; the second course eighteen inches; 
the third cour.se twentv-seNeii inches: the fourth course to com¬ 
plete tile thirty-si\ inches, oi the three feet, required. 

In the annexed .section of an 
ancient wall, crowneil by a ma- 
chictioly, 1 , 2 , and 4 , repre¬ 
sent four courses of masonry, 
projecting from the body of the 
wall in such a manner as to form 
the corbel. These are seen 
m elevation, the section being 
supposed to be taken through 
the intermediate space between 
two corbels. 

6, represents the course of 
covering stones, or arch, forming 
the floor of the iiiachicooly, 
through which the vertical loop¬ 
hole is cut. 

P, is the para[)et which covers the inachicooly in front. 

And a, is a small interior parapet to prevent accidents, which 
Qiight arise from men stepping into the vertical loopholes. 

) VOL. II. 
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L o, is a cieiinel or roiiiinoii loophole, pierced through the bod\ 
of the wall, as befoie described. 

By \\a\ of Anther illustration, the exteiioi elevation of an ancient 
tower is added, in the ccntei of the battlements a niachi('o<d> 
with four coibels is repiesented, on each side of nhich is a com¬ 
mon thin parapet with small embrasures for archers. Ilalfwas 
down is a row of crrmicls or loopholes. 

n-nnj isiiui 
^rjM\ 

3 n c 0 0 


After tiie arms weie invented, the ancient ramparts, whu!» 
answeredsery well for aichers and e\en for mus(pietr\, wi re found 
much too nairow to admit of great guns being nionntid and 
manoeuvred upon them. 

For this reason, it !)ccanie necessarv greatls to inex ase the widilj 
of the ramparts, which was done, not bv adding nioie niasonrx, but 
with earth and rubbish, for the sake of ecrin.inn. Hence aif)se the 
modern terreplein or body of the lanipnit, with lU interior .slope. 

It was also found, that the thin parapt U of antiquity could niaki 
no defence whateser against cannon shot. Therefore theii tliick- 

ness was increased to eight oi ten feet of .solid masonry. 

« 

Parapet'* of this desciiption iesi,<>ted cannon .shot for a eeituin 
lime, but after conlinm d filing, they wi'ie rnineii hy degrees, and 
the fragtne nts of ••tone and hrieks, knocked off in ail directions h) 
the effect of the eucm>’.s batteries, weie found exceedingly tro^tbh'* 
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<t(inu, und rvvii dustrurtivo to the defcndetb, often lioiiig more mist- 
chief liiaii the cannon balls tlieiiiselvcs. 

Paiupcts of iiiusoni)' \\eie tin reioie cntiiely ubandoiied, and llie 
tiiiek (.aitlnii parapets of niodein fortification adopted in tlitn 
‘•te.id. 

'J'hes« oHei h} f.ii tiu lust pi oti (tion against cannon sliot: foi 
in a mound of (Midi, tIu hail williithei l)nr\ itself wnhout doing 
ain nnsduef, m il it giaiut's oft ait( i gia/niL^ no dangerous ‘■plin- 
teis aie ptodiucd. Il.iiliien pai.i;u ts aii likewise nutonU liie iiiohi 
diftit ult to iiiin, but tiu e.iMi to it pan. 

It is liiillui to he ohserMil, that ill aiieieiit times, height was 
(oiisidiied a priiu i|>al eiitt noil ot llie stienglii of a foiticsi; s> 
lliat It l^ (oinmou to iiu 11 with aiuitnt wulis oi toweis. fioni fifh 
to se\eul\ OI eight) frit liigii; and some ma\ be sei n consi(h*idh!\ 
iiiuiuT, e\eii tli.m till la^t-n.inicd (innension. 

Aftei cannon weie iinenled, smiihii’ii wails as these were found 
to be \ei\ piejiidiciah I'oi the besi(geii> miglit establish theii 
breadiing haltiiies at long langcs, that n to mi\, at about a ihou- 
'•aiid \aids lioin the foitiess. Tiu fne of cannon, although snfti- 
eiently poweitiil and destinrli\e against ain object, whieli it mav 
happen to stiike. is \ei\ mRcrtam at that distance. 'J'hciiloic 
the besicgci’s halteiics being low and small olijects, ami foiiiied 
witli earthen paiapets, eouhl leci ivc liltl * oi no mpii} fioin the tiie 
of the place: wheieas the ingh tslonsue walls of the foiticss pic- 
seiited so large a mark, that the\ could not fad to be stiuck some¬ 
where, hy eveiy shot that was fiicd agamst them. Coiisoijiieiitlv, 
after a few class firing, the foiticss imghl be laid open and e\po<»( J 
to a gi>neial assault, with scan els :m\ loss whatoer being pic- 
\ioiisty sustained b\ tin* besmgcis. 

I'oi this leason, tiu high ivakid walls of antiquity were ahan- 
dom^h and tiiuc h dccpei d.trhes than weie usual in ancient times 

' 1 2 
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were introduced; by means of which the walls of a modern for¬ 
tress arc, as it were, in a great measure buried below the surface of 
the ground; and to secure them still further against the eft’ect of 
distant cannon shot, countersc'arps and glacis, contrivances un¬ 
known to the ancients, have been raised in oider to screen the 
uppei part of them.* 

By these means, the revetments of a well-i onstiiirtod model u 
fortiess, although still of such a respectable height, as to secuie 
them against the risk of being easiK taken bv escalade, are "'o I’oin- 
pletely covered; that no part of the ma<onj\ van e\eii he >eeu 
from the countiy. 

Consequently it is impossible for an enemy to i fleet a practi¬ 
cable breach, in a place properly fortified accoidiiig to the modern 
system, by distant batteries. He must ncTessunlv establish hi> 
breaching batteries, and bring up his guns, dose to the crest of the 
glacis, that is to say almost to the vers biink of the ditch, before 
they can see any part of the revetments. Tins involves him in a 
number of long and tedious operations, not to be effected w ithoul 
great labour and loss ; for in so doing, his troops are exposed to 
a close fire both of cannuii and iiuisquctry, and may be annoyed 
by mines and other offensive means, which arc not to be feared 
whilst they continue at a distance. 

It is to beobserv'ed, that as far as regards the object of coveiing 
the revetments only, a sinijile counterscarp and glacis woulil 
answer equally well, or indeed better, without any covered way. 


in 


* As there were tillrhes in ancient fortiehses, tin* counterscarp, if taken 
one sense men as the exteiior side f*f the ditch, cannot, strictlj 


speaking, bo said to have hceii unknown. It was iinknovvii, however, as i 
cover to the walls, which is its principal nsi in modern fortification. ^ 
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riie latter work has been introduced in modern forfification, prin¬ 
cipally for the con\eiiiei]C 3 r of making sorties. The troops intended 
foi llial purpose nia} tiiere be assembled to advantage, in any num¬ 
ber that can be required. From thence they may, by means of 
the ramps, and b) short ladders sometimes used for clearing the 
palisades, *>pe(dily form upon the glacis, preparatory to an attack 
upon the besiei'ers; and after the object of their sortie is accom- 
plislud, the (o\eied v\ay affords them a safe retreat, as also a 
place of support, from m hence they may in retiring be protected by 
reserves of infantry. 

If, on th«“ contrary, a fortress were constructed without any 
covered way, there wouhl be no means of retreat after a sortie, 
ex('ept by the bridges and gates, w here only a small number of men 
can enter at once; so that tire utliert might be obliged to wait for 
a i onsiderable time, upon the glacis, completely exposed to the 
< neiny's fire, without any parapet or cover to protect tliem. Coii- 
'>i‘qiiently, in a place constructed in such a defective manner, the 
troops emplovcd in a .sortie, if vigorously pressed, must be thrown 
into the utmost disorder; so much so, that a part of them might 
he driven headlong into the ditch, whilst the remainder being 
crowded tog« tiiei iii a state of helpless confusion on the biidges 
and gateways; a daiing enemy might even have an opportunity of 
taking the place, by entering pell-mell with the fugitives. 

Independent of the important advantages, which it thus affords 
to the defence of a fortress, hy facilitating the operations of a 
sortie, tire covered way is also of use, as a post for musquetry, 
from whence the enemy iiiny be checked in his attempts to esta¬ 
blish himself, near or upon die glacis of the place besicgcrl. But 
jiiorc will be said upon tins subject hereafter. In the mean time, 
we sliall return to our investigation into tlie difference between 
iincient and moduli fortification. 

yiiio changes, which took place in the profile of fortresses, uib- 
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scM|iicntI\ lo the iiut'iifioii of ruu|>ow(Ut, liavo aliracly 
iccouiitnl for. The dillcroiice in the outline or plan remains to 
be e\piuiiie(l. 

It was before stated) that Inmi the thiniie'js ol the parapets oi an 
ancient ftxfress, the defeiideis might, b\ bailing o\er tire sills of 
their eiiibrasnre.s, seee\erv thing that was passing at the bottom ol 
the walls iiiiuiediatel\ below tiiciii, and might lake aim at any 
cnemv in that position. 

AMitn the thickness of the parapet was im ieaMil, tiiis beeam* 
no longer piacticable, for it must bt* t\idenl, that a man standing 
behind a parapet from ten to eighteen feet thick, tainiol posMhIy 
sfc anv thing that is passing at l!io foot ot llu ’m \elmeiU imim - 
diately below him, nor can be possibly lire at tin enemy ni tliat 
position. 

In onlcr to illustrate this remaik by a figuie, draw the sictioii ot 

the rampart of a regular fortress. 

This being done, proilure the siipciior slope i»f tlie paiapet, 
outwards, b> a dotted line, inilil it iiu j ts the level of the ditdi. 

Maik tliis point by the letter e. Maik the inteiior crest of the 
parapet by the letti r a ; the* exterior crest of it by the letter b; 
the foot of the revetment by the letter d; and tlio extremity ol the 
. ditch by the letter e, 

Fiom the crest of the parapet, a, drop a perpeiidieiilai, a 1,meet¬ 
ing the level of tlie diteli, produced backwards, in the point f; and 
dot these new lines. 



Then the point, c, represents the nearest point of the boltoniNof 
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tlie ditch, which it is possible for a man, standing on the banquette 
and firing over the parapet, to strike with a niiisquet ball; and it 
will be evident, on inspecting the figure, that almost the whole of 
the spu<'e, b c d, is secure against niusqiiet shot, and that particu¬ 
larly nearly the foot of the scarp, d, there is no danger whatever to 
b<; incurred from that weapon. 

C(msr«|ueiill\, after the necessary alteration of die profile, occa¬ 
sioned b> the use of gunpowder, was introduced, if the outline or 
plan of the nioderii fortiess had not been altered at the same time, 
it would ha\e had very little stiength. 

The eueiiiv, after getting into the ditch, and advancing to the 
foot of the walls, would have been peifectly secure from Uie liic of 
tlie besiegers. ]Ie might therefore have planted his ladders in 
safotv, and scuUd the work, with verv little risk. 

But although, from the banquelt<‘ of the modern fortiess, you 
cannot fire .against an eneni) in the ditch either near you or imme- 
diateU below von, vet the superior slope or dip of the parapet 
permits vou to tire upon an eiieinv |)laced below vou on the level 
of the ditch, at a ceitaiii distance fiom you. For instance, in 
vonr present figun*, >on inav fire upon an eneinv, in anv pait of the 
flitch bevond the ptiiiii, c, as far as e, or fuitlier, if the ditch were of 
gicatt r extent. 

To reduce the thing to calculation, if vve suppose the perpen¬ 
dicular height, a f, of the crest of the parapet, a, above tlie level of 
the vhtcli, to be tiiiity-si\ feet, and that the parapet has a dip of one 
sixth : then six times thiitv-si\ feet, or in other words scveiilv-two 
}ards, setoff horizontally, fiom the point f, outwards, upon the bot¬ 
tom of the diteli, will determine the point c; and if wc suppose 

f d, to be about ten yards, then by deducting this from seventy-two 

* 

I 
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yards, a difference of sixt)-t>%o yards will remain for the lengUi of 
d c: that is to say, a soldier standing behind the parapet, may, 
with a musquet ball, stiike a point, c, at the bottom of the ditch, not 
less than sixty-tno jardn distant from the foot, d, of the revetment 
immediately below him. But as a map’s height raises him some 
feet above the le\el of the ditch, an enemy would not be quite 
secure from musquet shot, until he got ten or twehe yards nearer 
tlian the point c, that is to say, until he approached to within 
about fifty yards of the foot of the revetment. 

At a smaller distance than the above, vou will neither be able to 
see nor to file at aiiv object in the ditch, unless vou were to quit the 
banquette, and mount upon the top of your parapet; m which 
case you would be as innch exposed to imisquetiv yourself, in 
defending your fortress, as an enemy would be in .Tssauiting it. 

By increaMiig the dip of the parapet, it is true, that from a para¬ 
pet thirty-six feet high you might be able to fire at a person in 
the ditch below, at a smaller distance than fifty yards; but tins 
advantage carries a great inconvenience along with it, wliicli coiiii- 
terbulaiuis it. For the more the dip is incieased, the weaker will 
the crest ol the parapet become. 

To explain Uiis remark : if wc suppose the dip of onr parapet 
to be incieased from one sixth to one third, the hciglit of it remain¬ 
ing the same: then the distance, f r, will be three times thirty-six 
feet or thirty-six yards, instead of seventy-two; and deducting 
ten yards for f d, as before, twenty-six yards only will remain 
for the length of d c : that is to say, a man fiom the parapet may, 
with a musquet ball, strike any point, c, at the bottom of the ditch, 
not less than twenty-six yards distant from the foot of the revet¬ 
ments ; but fora reason before stated, an enemy would not be quite 
safe in the ditch, until he got to a less distance than the above; for 
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instance, to within about twenty yards from the foot of the revet¬ 
ments. 

'I'hiis, by increasing the dip of our supposed parapet from one 
.sixth to one third, it appears that it will have a much greater com- 
iiiaiui of fire over the ditch below', which certainly would be of 
es.sentiu! advantage ; but unfortunately the upper part of a parapet 
would, by sueli a construction, become too thin to protect the 
defeiidei s against an enemy*.s artillery: and it has therefore, as a 
general rule, been judged advisable, in parapets exposed to cannon 
shot, not to allow a dip of much more than one sixth of their 
thickness.* 

Since then, generally speaking, no part of the foot of the revet¬ 
ments or of the ditches of a modem fortress can possibly be defended 
liy its own immediate parapet, but requires to be protected by the 
fire of some other part of the parapets not less, on an average, 
than fifty yards distant from it: hence arose the necessity of dis- 
j«osmg the outline of the body of the place in such a manner, that 
t\cry part of the foot of the revetments and every part of the ditches 
in general, could be seen and protected by the tire of some more 
distant part of the ramparts. And it was found, that this advan¬ 
tage could not be gained in any way, but by adopting the 
form of bastions and curtains, for t}ic main inclosure of the 
foitress. 


• I’lie dip of till* parapet, liowevcr small, always weakens the crest of it 
in some degree, i’or this reason, the French writers on fortification in 
general allc*w very little. Cumioiitaigiie, for instance, gives his parapet a 
dip of one ninth only, although it is supposed to bo 42 feet 10 inches high, 
sibove the U‘vel of the main diteli. roiisoqiieiitly it is impossible, from 
theiiee, to see into any point of the ditch, nearer than 128 }ards, ineasared 
bori/oiitally from the erest of the parapet: so that an enemy, in the ditch, 
would be perfectly safe from direct musqnet shot, any where within about 
<ina*bundred }ards from the foot of the leretnients. 
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lu order to explain this re¬ 
mark, draw a front of forti¬ 
fication with a ravelin; and 
observe the figure attentively. 



If an enemy should get into the roam ditch bcfoie tlie ciiitain, 
and close to the foot of the revetment of it; Ironi what ii:u been 
said before, it will be evident that he camiot possibly bo annoyed by 
the fire of the curtain itsfdf: but ho would be (omplitciy <*xposod 
to that of the adjoining flanks. 

If he attempted to scale either of thi* faces of the tyyo demth'is- 
tions, he would also b* exposed to the file of the opposite flunks. 

In like manner, Uie faces of the deinibastions, although mcupablc 
of defending their own revetments, can bear upon a gteut put of 
the ditches of the ravelin, and ate conserpu ntly aide to contiibutt' 
to the defence of that work, in case an enemy should attempt to 
assault it* 

In short, in modern fortification, no woik or outwoik can effec¬ 
tually defend itself by its ow'ii file, but must necessarily bo defended 
by the fire of some more distant or ictired part of the* .same system 
of W'orks; and generally speaking, any work or outwork, which is 
defended by another, is said to be flanked by it; because in almost 
all cases, in regular fortification, the defending vtoik will be found 
to protect the other, against an enemy who may be preparing to 
assault it, not by a diiect fire, but by a fire in flank, or by vyliat is 
termed an enfilading fire, as was before explained. 


For in.stancc, in a regular foitrcss, the faces of a b.vstio: 
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ARE SAin TO RE FLANKED by the ilanks of the adjoining bas¬ 
tions: and in like manner, a ravelin is said to be planked 
by the faces of the Inistions in rear of it. 

It may here be observed, Uiat an enfilading fire is much more 
dcstuirtivi' to a line of troops than a diiect fire. 

On aceoiint of the reasons, whirh were before stated, it has been 
laid down as a rule in modern foitifieation, that every part of a 
fortiess should be Hanked b\ some other part of it; and it haa 
Ixen shown that this advantage is obtained by laying out the 
inclosing rampait in the form of bastions and curtains; or in other 
words, by adopting what has been called the bastionary 
sv s I EM or FORTH i( \Ti(>N f(»r the body of the place. 

I shall next explain, why no simpler figure or system tlian the 
above will answer the object in view. 

If the outline of a fortress were traced in the form of a con- 
tiiuicd curve, such as a circle or an ellipse ; or if its sides were 
laid out like those of a geometrical polygon, without any reenter¬ 
ing angles; it would be quite imjrossible for a person, standing 
behind any part of t' e parapets, to see into any parts of the main 
ditch whatever; and consc jiu ntly tlie fortress would not be Hanked 
at all. 'I'l.is will be suHiciently evident, without any further illus¬ 
tration by means of figures or otheiwise : and therefore there is no 
instance of fortresses ever having been so constructed. 

K oil the contrary, the main iivclosurc of the fortress were laid 
out witliuut any regular bastions, but in the form of a star, that is 
to say, with salient and loeutering angles alternately, then every 
face miglit be able to fiank or defend a part of die adjoining face, 
but not the whole of it. 
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Draw a figure to 
represent part of a 
fortress supposed to 
be constructed in the 
last-mentioned manner: and mark some of the angular points of 
the bodv of the place by the letters, a, b, c, d, and e. 

Before we proceed furtlier, it is proper to remark, that uhdi a 
work 18 laid out in this manner, any two faces of it, which form a 
salient angle, constitute what is called a redan. For instance, 
a b c, in our present figure, is a redan : c d c, is also a redan, See. 

And when a fortress is constructed m the abo\e form, it is said 
to be fortified according to ihe reij\n sisttm oi iokiiii> 
CATION, by way of contradistinction from the bastionaiy system, 
which has aiieady been very fully explained. 

In the redan system, each fioiit of foitification consists of two 
faces only, forming a reentering angle, such as, h c d, for instance, 
and therefore exactly resembles a simple tenail; for which reason 
this system has, by some authors, been also styled Tiir tenah 
SYSTEM OF FORTIFICATION. 

The defects of the redan or tenail system shall now be stated. 

Let the parapets of the body of the place of our present figure 
be supposed to be thirty-six f<‘et high, with a dip of one sixth ; then 
agreeably to our former calculation, thev will not he able to defend, 
hy musquet shot, any part of the ditch, which is less than fifty ' 
yards distant from the foot of the revetments below them. 

T’Hereforc, if we suppose the two lace.s, b c, and r d, of our 
figure, to be each only thirty yards long, then it w'ili be evident, 
that they are too near to each other for the purposes of iniitua! 
defence ; and that neithtT of them w ill be able to flank or defend 
the other properly. Consequently the whole of the reentering 
gngle formed by these two faces is undefended or tinflanked. 
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An angle of this kind, in fortification, which is not properly 
flanked, is called a dead angle. 

«««*• n 

And in like manner, any line or face, which is unflanked, is said 
to be A DEAD LINE. Consequently, under the present suppo¬ 
sition, the whole of the faces, b c and c d, are dead lines, and the 
angle, b c d, as before mentioned, is a dead angle. 

But if we suppose the faces, b c and c d, to be each a hundred 
\ards Ions, then about one half of each face would be more than 
fifty jaids distant from the other face which was to defend it. 
Consequt iitly about one half of each of the two faces would be 
propel ly flanked, but the remaining parts of them, towards the 
reentering point, would foiin a dead angle. 

Owing to this inipeifeclion, the redan system of fortification has 
never been adopted in piactice, for the construction of any fortress 
of iinpoitaiK e, altliMugh some authors have written strongly in 
tdvour ot it * It i>» not uncommon, however, to see a few redans 
occasionallv n>ed in the inclosure of a great fortress j but this lias 
seiduiii 01 never been done to any extent in modern times, except 
in cases whcie iIk* iriegularitv of the ground or other circumstances 
have been unfavourable for the construction of bastions.i* 

1 shall here observe, that in the redan system of fortification, the 
reeiiteiiiig angles are sometimes called the flanking angles. Dius 


• PiutHiiIailv Mniifaleinbert, who at the same time that ho gives a 
decided prefeieiiee to the redan system above any other, reeomniends, 
that all the reentering angles of a fbrtress so constructed should he right 
angles; and therefore he adopts the teim “ Perpendicular Fortification” 
as the title of his book. 

t As for ifistoiiee, in the works constructed on the Western Heights at 
r)ovi*i. 
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for instaucc tlie angle, bed, is a flan kin <: anli.e, because 
those parts of tbe tno faces forming it, Mbich are nearest to the 
angular point, flank the salients on each side of tlieni. 

For the same leason, the salient angles, in the redan &}stein, 
which derive their defence from the otheis, are also styled the 
flanked angles. Tims, for instance, the angle, a b c, is a i l s n k f 
AVCLF.. 

In a fortress built accoidmg to the redan s>stem, it being 
impossible, as has been shown, foi a \cr) considerable part of the 
ditches and ie\etmeiitH to deii\c any defence whatccer, either by 
cannon or musquetry, from the parapets of the body of the pl.ui ; 
the ad\ocates of that svstini, in order to obtain the iiecessaiy 
means of firing into the dead angles of theii Moik, ha\e therefore 
been obligcd^to ha\e lecouiie to casemates and galleiies, the nature 
of which .shall hereafter be desnibcd. In the mean tunc we shall 
proceed witli our former siibjc'c t. 


It will now be cleailv undcTstocHi, that none but the bastionarv 
system of fortification has the advantage of aflbrding a complete 
flanking fire for every part of the mam ditch and levotmeiits of the 
body of the place. It only remains to obseive, that if a fortiess, 
traced according to this sy:>tem, is coiistructc'd on too small n 
scale, the above important advantage, which ought to arise from 
the regularity of the plan, may no lunger be obtained. 


For example; draw a regu¬ 
lar front of fortificatftm, and 
mark the two flanks by the let¬ 
ters, a b, and c d. 



Then if wc suppose the fortress to be constructCKl on such a 
scale, tliat the cuitain, be, is a hundred yards long, one half of it 
may be flanked from a b, and tlie otlier half from c d. 



PROPERTIES OF THE BASTIONARY SYSTEM. £87 


But if tlie fortress were supposed to be constructed on so small 
a scale, that the length of the curtain, b c, were less than fifty yards: 
then the two flanks, a b, and c d, would be too near to each other 
to defend it piopcriy, in anv pari whatever. 

I'loin this considl'iation, the necessity of giving a ceitain length 
to the euitains of a regular fortress will be evident. As far as 
legnrds the hustion'^, it might however, be supposed, that tow'ers 
hk(‘ those of antiquity, if constructed in the bastionary form, instead 
of being made sqtiaie or round, and if placed at a sufficient dia- 
tniH'e fioin eat h other, would sufficiently answer the purposes of 
defence; as thes would offer no dead angles and no undefended 
lint s oi fact's; and on inspecting a simple outline, tliis would 
appear to he the case. But when the matter coniei to be more 
fulK toiisidered, it will he found, that e\en in a tower of \eiy 
laiire diinensions, if sou construct earthen parapets of a proper 
thickness to resist cannon shot, there will be little or no room left, 
for mounting guns. Coiisec|uentl^ the flank defences, to be 
dcii\cd fioiii any kind of tower, are too tri^ng to be worthy of 
notice: and for this reason, not only the form, but also the magni- 

k 

tude of the bastions used, became of importance, in modem for¬ 
tification. 

Upon the whole, it may now be understood, that the perfection 
of the bustionary system of furtificatioii does not merely consist 
in its figiiie, or m the propoition which its .scvcial parts bear 
to each other. The actual dimensions of diese parts, tliat is of 
the fucc.s, flanks, and curtain.s, aic also of importance. Hiey 
may admit of eousiderabie variation, but at the same time there 
are certain limits, beyond which they cannot be incieased or 
diminished, without prejudice to the strength of the foitress. 

It will iJso be under$.tOQdmiat when u email work is to bo 
built ou any liiniti'd spot of ground, it will ho h <»{ to constiuct it 
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of any simple %ure, suited to the nature of the ground; without 
attempting to give it regular flanks, which, on a very small scale, 
winTw of little or no use. ' " 

Small inclosed works, constructed without any regular flunks, 
are called redouts, the nature of which will afterwards be moir 
particularly explained. 

The covered way of a regular fortress is much more elevated 
than the level of the bottom of the ditch; and therefore the fire of 
musquetry from the parapets is able to see into any part of tlie 
covered way, immediately in front of them, even at a much le^v 
distance than fifty yards, which I before gave as the least average 
distance, at which the ditches can be defended. 

Draw the complete section of a fortified place, showing the 
ramparts, ditch, covered way, and glacis: and let the dip of the 
parapet be such, that the superior slope when produced shall 
meet the reverse of the covered way, in the point h. 

Mark the crest of the parapet as before by the letter a : dot the 
line, ah, which represents the patli of a musquet shot supposed to 
be fired from the parapet; and produce this dotted line, until it 
meets the level of the ditch, also produced outwards, at die point c. 


a 



On inspecting this new figure, it will be evident, that direct mus¬ 
quet shot from the ramparts may defend the covered way to great 
advantage, at or beyond any point, h, at a much less distance dian 
c, which is supposed to be at least fifty or sixty yards from the foot 
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of the revetment; and nearer dian which, it is not possible to 
strike any object at the bottom of the ditch* 

From the same figure, it will also be evident, that although, ia 
the redan system of fortification, a great part of the ditches and 
revetments cannot be defended by a fire of musquetiy from the 
ramparts; yet the whole of the covered way and glacis of a place 
so fortified may be effectually protected thereby. 

Ill determining the profiles of a regular fortress, it has always 
been considered desirable to bring the whole of the covered way 
under the file of the parapet immediately behind it, in the manner 
shunn in our present figuie, which we shall suppose to represent 
a section taken through the face of a bastion.* It will be 
observed that no part of the ditch w hatever can, in this figure, be 
seen from the ramparts by a direct fire of musquetiy; and the 
same remark applies to fortresses in general: for, as has been so 
often stated, it w ould require a ditch to be more than fifty yards 
wide, before any part of it could be so defended; but this is a 
much greater width than is ever given to the main ditch| even of a 
very large fortress. 

Being deprived of the advantage of a direct fire from the imn- 
parts immediately in rear of them, the ditehes of a fortress must 
therefore depend entirely upon the Hanking fire, which is produced 
by planning the various works according to a judicious outline, 
such as that of the bastionary system. But the covered way aud 


* The l^rench writers, in gensral, are satisfied if the} can bring die foot 
of the banquette of the covered way under the direct fire of the parapets. 
This it the case in Comiontaigne’s profile, mentioned in a former note, ia 
which no part of the interior of the covered way behind that point is seeu 
into; hut on account of a man’s height, which, of course, must always 
be taken into consideration; an enemy would oof be secure against dIreef 
musquet shot in any part of it. 

VOL. II, r 
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glacis of a fortress ha^e the advantage of being defended both by a 
direct and flanking Are, or in other words by a cross fire. 

A CROSS FIRE of artillery is, in all cases, much more harassing 
and formidable to troops than a direct Arc, particularly if a part of 
your guns (*an be so disposed as to enAlade an enemy’s line, inhilst 
the remainder of them bears upon him in front, lii that case, a 
cross Are will be more destructive than a simple enAlading Are. 

For this reason, not only in the bastionary but also in the redan 
system, it has always been considered an advantage, tliat the out¬ 
line of each is so constructed, tliat a cross Are is obtained from the 
lamparts, in every front. 

Having sufliciently treated of the ditches and covered way, tlic 
defence of the glacis now only remains to be considered. 

Tlie glacis of a fortress may be defended from the parapets, 
either by a grazing or by a plunging Are. 

To explain thesa terms, draw a dotted line, a i, from the crest 
of the parapet to the crest of the glacis, in your present Agure, 
and alter the slope of your glacis, i k, if necessary, until it agrees 
with the above line produced. 



This being done, ai, and i k, will form one continued right line, 
so that a musquet ball from the parapet, Ared with due accuracy 
at any jioint of tlic glacis, k, for instance, must graze or shave the 
surface of the slope nearly. A shot so Ared is therefore called a 
grazing shot; and when the parapet and glacis of any work arc 
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thus disposed in regard to each other, the former is said to com<> 
mand or protect the latter bv A grazing fire. 

Ill a grazing (ire the shot dies nearly parallel to the suiface of 
any woik or piece of ground, ai'ainst which it is directed. The 
term plunging shot, on the coiUiary, implies that it strikes the 
MU face at an a ugh'. 


'I'hiis tlie line, a i k, may represent the path of a grazing shot fired 
against tlie glacis, whilst the line, a h, will represent the path of a 
plunging shut fired into the co\ered way. 

When tilt* slope of the glacis is directed upon the crest of the 
parapet, in the manner represented in our present figure, a grazing 
tire of inusipictry only, but not of artilleir, is obtained from the 
ramparts. 

It was befoie explained, that cannon mounted on the terrepleins 
of a fortress usually fire through *cmbrasures cut for the purpose; 
but the muzzle of a gun so placed always stands nearly four feet 
lower than the crest of the parapet. For this reason, when a 
grazing fire of artillery is desired for the defence of the glaci.s, the 
slope of it .should be directed, not exactly upon the crest of the 
parapet, but so as to fail four or five feet lower. 

Uub out the dotted lines in your section. Mark a point, n, 
rather more than half way dow'n the interior slope of your parapet, 
to represent the height of the muzzle of a loaded cannon, ready to 
fire through an embrasure, and pointed towards the glacis. From 
this point, draw' a dotted line to the crest of the glacis; and 
alter the slope of the glacis so as to agree with the above line 
produced. 

IT 2 
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From the crest of the parapet, a, draw also a dotted line, a I, 
to the foot of the glacis. 



r \ 


111 the present state of )our hgure, the light line, ii k, represenU 
t!u* path of a cannon ball, ^\hich if Hred from the ramparts, with 
iha .If ciiiAC), at any point on the glacis, such as L, would graze the 
•III Lire iuaii\. 

And tin* line, a !., lopresents the path of a musqiut ball Hied 
tioiii the parapet at the same point, k, which in coiisecpience of 
(he alteration of the slope of the glacis, is no loiigci us befoic 
a grazuig shot, but plunges in a small degree.* 

Some authois on fortification have recommended vtronglv, that 
the profile of fortresses should always be proportioned in the man¬ 
ner represented in our present figure, or nearly so, in order to 
obtain a grazing fire of artillery from the ramparts upon the glacis. 
and a great number of fortresses have actualiv been built in con- 
formity with this system. 

The above maxim, howevei, does not seem to have been 
adopted with due coiisideiation. On the contrary, it appears to 
me radically bad in several respects, lii the first place, it render:* 
the covered way, av a woik of defence, of little or no use to Uie 
besieged. A soldtei standing on the bamiuette of tlie covered way. 



* It was luentiuued in a fuiniei note, that ihc path of a shut, properly 
speaking, is a curve, not a right line, os supposed in the text. But in the 
figurea and remarks, intended to illiutratu the simple principles, laid dosm 
in this chapter, it was not thought worth white to notice the diffiBrcnae, 
nhioh at short ranges u veiv (iilliiig. 
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to fire against ao enemy, has his bead and shoulders elevated above 
the crest of the glacb. Consequently the grazing shot from the 
ramparts will every moment be liable to destroy your own troops, 
who line the covered way; so that these troops, instead of being in 
a state of activity, cooperating with the iiitenor defences 4^f the 
fortress, would be forced to sit down, in order to secure themseVes 
agamst the fire of their own fellow soldiers. 

This reason alone, independent of others, points out that a 
grazing fire ought to be rejected; and that the ramparts of a for¬ 
tress should command the glacis in front of them by a plunging 
FIRE, not Old} of niusquetry, but also of artillery. 

Alter the rampart of your figure, b} raising it consideiably 
higher than it is at present; leaving the covered way and glacis as 
they arc. 

Mark a point, o, in your new figure, rather more than half way 
down the interior slope, to represent, as before, the height of the 
muzzle of a cannon supposed to be ready to fire thiough an 
embrasure. 

And draw the dotted lines, a k, from Uie ciest of the parapet, 
and, n k, from the last marked point, to the foot of the glacis. 

a 

/ 

/ 

/ 



Then the line, n k, will represent the path of a cannon ball fired 
from the ramparts against the foot of the glacis, which, as you 
may observe by the figure, will pass a good deal higher than the 
crest of the glacis; so that troops might man the covered w'ay 
without beuig injured by it. 
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The line, a k, \^ill represent the path of a miisquet ball fired also 
from Uie ramparts against the same point, uhicii in its flight passes 
still higher than the former, and conse<jueiitly at a greater distance 
from the troops in the covered way. 

It will now be undetstood, that when the parapets of a fortress 
command the jilacis h\ a siifliciently plunging fire, in the manner 
represented in otir present figure, the men in the covered wa\ are 
not exposed to aii\ danger fioin those who man the works in rear »>f 
them. A combined fire o£ artillery and mtisipictry from the ram¬ 
parts, and of musqnetry from the covered way, may therefore, 
without inconvenience, lie kept up at the same time, against an 
enemy posted at the foot of the glacis. 

I .shall mention nnotiier leason, which rendeii a grazing fire 
improper for the defence of a fortress. In a siege an enemy is 
alwa\s obliged to dig trenches and thiow up parapets, in order to 
co\er his tioops against the fire of the place attacked; and these 
operations, which are commenced at a distance, must be continued 
even upon the glacis. A very modeiate labour, howevci, renders 
a trench secure against grazing shot, which merely sweep the sui- 
tace of the ground lliat is to be excavated. But wlieii tin* woiks of 
a fortress are so commanding, thattiie shot filed from them plunge 
down\vard.s at an angle, it necessaiiiy requires the besiegers to form 
much deeper trem hes and higher parapets, for their own protec¬ 
tion. l'hi^ adds considerably to the difficulties of the siege, by 
causing tiiem to incur a gieater loss of lives, labour, and lime, than 
would otherwise be necessary. 

Having stated the objections to a grazing fire, it is to be 
<ibservcd, that against troops drawn up in the open field, and not 
protected by trenches of any kind, like a besieging army, it is suf¬ 
ficiently cfiicaciou.s; and therefore, although not to be re<*om- 
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inetided in permanent works, it may be used to great advantage in 
Held fortification. 

I shall conclude by adding some further remarks on the flank 
defences of the bastioiiary system, which could not couveniently 
have been introduced before, without confusing the subject. 

Whilst it was explained, in a former part of this chapter, that the 
Arc of the flanks can see into and defend every part of the main 
ditc’h of a regular front of fortification, it was stated that the faces 
of the demihastions, which are directed so as to flank the ravelin, 
can only bear upon a gr(*at part, but not the whole, of the ditch 
of that work. The reason is, that the inward extremity of each 
face of the ravelin is less than fifty vards distant, from the foot of 
the revetment of that part of the bastion, which ought to defend 
it: but at less than the above distance, it has been shown, that no 
part of the ramparts can fire upon troops in the ditch. To bring 
the matter to a rough calculation, it may be assumed, that even in 
the largest foi1res<i,*'the inward extremity of the ravelin is seldom 
more than foitv yards distant from the revetments of the body of 
the place; which distance, being deducted fiom fifty, leaves a 
difference of ten yards. This therefore, in fortresses in general, 
may be considered as the least average extent tliat can be allowed 
for that part of each face of the ravelin, which becomes a dead 
line, and of which the ditch is not seen into by the fire of the body 

the place.* 

It is next to be observed, that the whole of die main ditch, even 
in the bastionary system of fortification, is not completely flaiiko<}, 


* In the above calculation, I have supposed the ditches of the luvriiiis 1u 
be on the same level vntli the main ditch, which is usually the case. If 
they were on different levels, it would produce a difference in the extent of 
the dead part of the face of the ravelin, which would become more or ieo< 
than ten yards accordiii^^ly. 
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•xcepting in such fronts as have no tenail. That work neceiaarily 
prevents the fire of the flanks from seeing into the central part of 
the main ditch, which is immediately in front of it, and in rear of 
the ravelin. An enemy, who had penetrated into the main ditch, 
might therefore make his preparations for assaulting the tenail, 
without being exposed to the fire of any part of the ranipaits 
whatever. But this has been considered a very triBing disadvan¬ 
tage, because after taking possession of the tenail, he would find 
it exceeding!) difficult to maintain himself there, under the fire of 
the body of the place; and he would next have to attack the cur¬ 
tain, the revetments of which, together with tlie narrow ditch in 
front of it, are completely flanked. In short, by so acting, he 
would direct his attack upon the strongest part of the main inclo- 
sure; and involve himself in much greater difficulties than hv 
attempting the bastions. To explain this remark at large would 
reijnire a full consideration of the art of conducting sieges, which, 
although intimately connected w ith eleuieutary fortificatiou, is best 
treated as a distinct subject. It may therefore suffice to say, that 
repeated experience has fully proved, that a besieging army 
attacking the main inclosure of a fortress, ought, in preference, to 
direct their operations against the bastions, not against the teoails 
and curtain, 'rhis being the case, the only thing essentially neces¬ 
sary in the construction of a tenail, is to make it so low, that the 
flanks shall be able to fire over it into that part of the main ditch, 
which is in front of the bastions; because that is the only part, 
wheie it is convenient for a besieging arinv to effect their passage, 
in BssatiUing the body of the place. 

To explain this observation more fully, draw a front of fortifica¬ 
tion with a simple tenail. Mark Uie right flank by the letters, a b; 
the opposite or left face by the letters, c d; and the reentering angle 
or center of the tenail by the letter, c: and dot the unmarked parts 
of the line of defence, a d. 
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l^y, fit>iD tbe poiot^ a, on the line, a set off a distance, a f, 
equal to three times, a e. 



Then if we suppose, as before, that the parapet of the bodjr of 
the place is thirty-six feet higher than the bottom of the mun 
ditch, but that the tenail is only eighteen feet h^h above the same 
level; it follows that the body of the place will have a command 
of eighteen feet o%’er the tenail. Consequently a shot fired towards 
d, from the point, a, of the flank, a b, at such an angle down^ 
w'ards, as just to clear the parapet of the tenail, will drop or sink 
eighteen feet nearly in the distance, a e : and at double that distance 
it will of course diop about eighteen feet more, which will bring it 
down to the level of the bottom of the ditch. 

But fiom tlie construction of a regular front of fortification, die 
distance, a c, is rather more than double of a e. And therefore, a 
musquet shot, fired from the inward extremity of the flank, a b, so 
as to clear the parapet of the tenail, may strike the bottom of die 
main ditch, near tbe point, c, at the shoulder of the opposite bas¬ 
tion ; so that the whole of the ditch of the face, c d, of that bastion 
may be seen into by the fire of the flank, a b. 

But if we suppose the parapet of tbe tenail to be raiwd to the 
height of twenty-four feet, above the level of the ditch; then the 
body of the place would only have a command of twelve feet over 
it. Consequendy a shot fired from the flank at a, so as to clear 
the parapet of the tenail, would only drbp about twelve feet in the 
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distance, a e; and therefore it would have to fly three times the dis¬ 
tance, a V, that is ao far as the point, f, before it could drop so low 
as to meet the level of the ditch. 

It therefore folious, under our present supposition, that the point, 
a, of the flank, a b, instead of commanding the whole of the ditch of 
the face of the opposite bastion, as before, would only be able to 
see into a very small part of it, f d, near the salient angle. 

Those parts of the flank, which arc nearest to the angle of the 
shoulder, are less impeded in their Are by the tenail, tiian other 
parts of it. For instance, take a new point, h, nearer to the angle 
of the shoulder; and from thence draw a dotted line, h 1, towards 
the salient angle of the opposite bastion, intersecting the teiuil in 
the point, i. Upon this line, set off the distance, h k, equal to tw ict 
h i, and, h 1, equal to three times, h i. 



'fhen to return to our first supposition, namely, tliat the body 
of the place has a command of eighteen feet over the tenail; a shot 
fired from h, towards the salient angle of the opposite bastion, so as 
to clear tlie parapet of the tenail, will be able to strike the level of 
the ditch nearly at the point, k, that is to say, at about twice the 
distance, h i. This is much nearer than c, which, as before stated, 
is the nearest point that it is possible to strike, on the level of the 
ditch, by a shot fired from a.* 


• In a finished plan, the points, a, and li, ought to be taken upon th^ 
interior (not on the exterior) crest of the parapet. 
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But iff according to our second supposition, tlie body of the 
place has a command of twelve feet only over the tenail; then a 
shot tired from h, so as to clear the parapet of the tenail, may strike 
the bottom of the ditch near the point, I, that is to say at about three 
times the distance, h i. This again is much nearer than f, which, as 
before stated, is the nearest point of the ditch, that it would be pos¬ 
sible to strike by a i^ot fired from a, under the same supposition. 

1 shall heie remark, that in the bastionary system of fortification, 
as well as m the redan system, the term Banked angle is often used 
tr> denote a salient ani;le. ^riius, for instance, the salient angle of 
a bastion often (ailed iiii. iLANKi:i> snole of a bastion. 

'rhf to 111 fiatiking angle is also used in tlie bastionary system. 
It .ippliis, howesrr, not to any angle, which actually appears in 
the out hue of the fortress, but to those imaginary angles, w'hich 
aie formed in each front, by the meeting of the Banks, and of the 
lines of (i( t« nee ; oi in other wuids by the meeting of the Banks, 
and of tiu faies pioduced. Unis in our present figure, for 
instaiK (‘, the angle, had, which is foimed by the meeting of the 
Bank, h a, and the hue of defence, a d, is one of THE FLANKING 
AN(.ii.s OI A iM'GiicR iRONi OF FORTIFICATION, thereby 
iepi( '>( nted 

’I'o return to oiir former subject, namely the consideration of tlie 
command of the Banks; it is to be observed that in those parts of 
a fortress, which hace principal gateways and bridges of communi¬ 
cation ton aids the country; their Brc, I mean the fire of die 
flanks, will always he more or less obstructed by the bridge, iii 
proportion to its height. 

Draw a new figure representing a 
front of fuitification, with a bridge 
exU^nding perpendicularly from the 
center of the curtain across the main 
ditch. 
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Now if, Aii before, we suppose the body of the place to be thirty- 
six feet high, but the bridge to be only eighteen feet high, abo?e 
the level of the ditrh; theu a aiusquet ball, fired from either flank 
so as just to clear the bridge, will strike the ditch at about twice 
the distance of the further side of the bridge; which, from the 
constructMm of a regular front, will of course be at some p<ml 
nearly in front of the opposite angle of the shoulder, or rather a 
little beyond it. Consequently, under tliis supposition, the flanks 
will be able to see into nearly the whole of that part of the main 
ditch, which is in front of the bastions. 

In most fortresses, the principal bridges are raised to the level ot 
the ordinal ground line, which is generally about half the height of 
the parapet of the body of the place, or nearly so, in ronforniit) 
with the above supposition. The gateway in the cuitain bring of 
course bodily elevated above this level, it follows that if the tenail 
is raised to such a height as completely to cover the principal 
gateway, it cannot be much lower than the body of the place 
itself.* 

For instance, suppose as alK>ve the body of the place to be 
thirty-six feet high; and the bridge, and consequently the pavement 
of the gateway, to be half that height, that is eighteen feet high 
above the level of the ditch. In a principal communication, the 
height of the gate itself cannot be estimated at less than fifteen 
feet more: to cover which w'ould consequently require a tenail 
thirty-three feet high, that is only three feet lower than the body of 
the place. But, by a tenail elevated to such a height throughout, 
the fire of the flanks would be so much obstructed as to be ren¬ 
dered almost totally useless. 


* If troops man the tenail. the fire of the flanks moat ncceMarily br 
flirected higher than has been supposed in the text; and a part of tlieii 
command over the ditch will consequently be lost. 
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It ippeara therefore bent, entirely to give up the idea of screen¬ 
ing the principal gateways of a fortress by tenaiis of the form 
described in this book.* The utmost diat can be eipected from 
them is to cover the lower part of the revetments of the curtain 
and flanks, in such a manner, that it shall be impossible for an 
enemy to effect a practicable breach in these parts of the body of 
the place, until he has taken or destroyed the tenail. As flu* as 
regards the bridges, the lower that they can be kept, without mate¬ 
rial inconvenience to the communication, the better will it be for 
the purposes of defence. 

* • 

11)6 (oiisiderations, which have been discussed in tliis chapter, 
aie of great impoitance in determining the reliefs of the various 
parts of a fortress; and will account for the difference, before 
alluded to, which may be observed between the piofiles contained 
in this book, and those that are to be found in otlier writers on 
fortification. 


REMARK. 

By reflecting upon what was said in that part of our present 
chapter, which treated of the comparison between ancient and 
modem fortification, it will appear evident, that the prevailing 
system of fortification amongst civilized nations, at any particular 
period, must always depend upon the nature of the means of attack 
then known, according to which it must be chiefly regulated. 


* Tenaiis have sometines been made of a different form, for instance 
with long curtains and flanks parallel and near to those of the body of tbe 
place; and when constructed in this manner, they obstruct the fire of the 
flanks less than the common kind of tenail, supposing the height of each to 
be equal. It will of coarse be understood, that although incapable of 
covering a principal gateway, a tenail of very moderate height may be able 
to protect posterns or sallyports; these, in dry ditches, being nsually placed 
at the very foot of the scarp revetment, and, in wet ditches, as low as the 
water will permit. 
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Thus as the general use of gunpowder, in war, le<l in a short time 
afterwards, to the adoption of the bastionary system, which forms 
die grand criterion of modem fortificadon; if we could conceive, 
at any future {leriod, the use of cannon to be entirely lost amongst 
mankind, then oiu* present fortresses, although by far the best 
under existing circumstances, would immediately lost' their supe¬ 
riority, and it would be necessary once moie to return to the high 
walls and toweis of antiquity, which under the above supposition 
would be a great deal stronger, and preferable in every re^pel't. 


CHAP. XV. 

EARTIIKN RAMPARTS, OR K4MPARTS HITIIOIT RKVCT- 
MENTS, DKMIREVETMKNTS, AM) FULL RI’.VirTMENTS, 
EXPIAINED. — OBSERVATIONS ON THE OBSTACLES, 
ISUALLY EMPLOYED, TO .STRENOFHEN EARTHEN 
WORKS. 

In marshy ground, or in situations, where water may be found 
by digging a certain number of feet belovi the surface, fortresses 
have sometimes been constructed with earthen ramparts only, 
without revetments of any kind; in which case, their principal 
defence against an assault consists in the wet ditches, which have 
necessarily been formed to protect works of this description. 

A mound of earth, even of the firmest kind, cannot for any 
length of time stand perpendicularly like masonry ; and the higher 
is raised, the less capable it will become of preserving this posi¬ 
tion. Unless supported by some kind of retaining wall, or iu 
ether words, unless it is reveled, it must therefore be formed with 
slopes on every side, in order to enable it to maintain any perma¬ 
nent figure. 

Earth varies considerably in its quality, so that some kinds of i( 
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w ill htand with a much smaller slope than others. Common earth 
will i>tand at an aiigh^ of 45°; that is to say, at a slope whose base 
IS equal to the height. Loose earth or sand requires the base of 
(ht‘ slope to be greater than the height. Very stiff earth, in pro¬ 
portion to its tenacity, will stand at a slope whose base is three 
fourUis or c\en one half of the height. 

When the height is small, it nia) he remarked that the same kind 
r>r (‘arth w ill stand much steeper, than if the height were consider¬ 
able. For instance, supposing a rampart to be formed entirely wdth 
eartli, the interior slope of the paiapet might perhaps stand with a 
base of one half its height, whilst the scarp or exterior slope of the 
lampait could not be considered sectiic with less than abase equal 
to Its height, in conse(|ueiice of the scarp being five or six times as 
high as the para^K't. 

Ill oidn to avoid nimecessary repetitions of the words " base*’ 
and iieight," it it usual to express a slope by two proportional 
numbers, of which the first always applies to the base, and the 
second to the height. 

For instance a slope of 1 to 1, denotes a slope of 45°, or one 
whose base is eipial to its height. 

A slope of 1 to 2, denotes one, whose base is one half of its 
height. 

A slope of 6 to I, denotes one whose base is six times the 
height. 

A slope of 9 to 7, denotes one whose base is to its height in the 
proportion of 9 to 7, 8&c. &c. 

Sometimes a slope may be described in a still more concise 
manner, by using one number only, which may either be an integer 
or a fraction, for the purpose of denoting it. The number men¬ 
tioned always applies to the base of the slope; and denotes its 
proportion to the height, which in this case is always supposed to 
he represented by an unit. 
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For ioftance, when a slope is simply mM to be a slope of one 
thirds it implies one whose base is one third of tlie height. 

A slope of two thirds, implies one whose base is two thirds of 
the height. 

A slope of six, denotes one whose base is 6 times tlie height. 

A slope of twenty four, denotes one ^shose base is 24 times the 
height, Ac. Ac. 

Taking into coiistderatiuii, that the r.imparts of a fortress ought 
to have about thirty feet perpendicular height at the least, one can¬ 
not, even in favourable suit, depend upon so great a mass of earth 
retaining its form for any length of time, unless the base of the 
exterior slope is made equal to the height or nearly so. Expe¬ 
rience has proved that such is the least average slope, which can 
be allowed to earthen woi ks in general, although exceptions may 
of course occur in particular cases. But it is perfectly practicable 
for men to run or scramble up an earthen slope of the above propor¬ 
tion, particularly after it has been exposed to the effect of batte¬ 
ries ; and hence follows the necesrity, above stated, of securing 
earthen works by wet ditches or odier additional obstacles, without 
which they, in tiiemselves, could not be deemed tenable against 
an assault. 

We shall now proceed to exemplify, by proper figures, the sec¬ 
tions of a fortress, supposed to be constructed witli earthen ram¬ 
parts only. 

Draw a line for a ground line, upon which construct a laiiipart, 
ditcii, covered way, and glacis, in the usual manner in other 
respects, but widiout any revetments or counterforts; representing 
the scarp and counterscarp by oblique lines, sloping in the pro¬ 
portion of 1 to 1 nearly ; and diawii^ the former, tiiat is to say 
the scarp, in one continued right line, from the exterior crest of the 
parapet to the bottom of the ditch, without any berm. 
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Draw also a ri^t line to represent the surface of the water, in 
the wet ditch. 




Whon there is a \\et ditch, it is usual to allow a berm on each 
side, a little al)o\o the surface of the water, in order to pi event 
the scarp and coiinUTScarp from being injured or undermined by 
It. Moreover, as the action of water is more destructive to earthen 
works than the common etferts of an and w'cather, it is also usual 
to give to those slopes, which are under water, a greater base in 
propoition to their lieight, than is allowed to the other slopes of the 
foi tress. 

^ on w ill therefore alter your figure accordingly, representing a 
berm on each side, a little above the surface of the water; and in 
drawing the new banks of your wet ditch, give the slope of each a 
grcatei base in proportion to its height, than w'as allowed before. 



As earthen works have very little power in themselves of resisting 
an assault, they are often i^trengthened, not only by w'et ditches, 
but also by other means, such as paTisades, fraises, hedges, &.c. 

The nature of palisades has alieady been e.'iplained. 

VOL. II. 
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Praises are strong pointed stakes, exactly resembling pain 
sades, uitli this diticrence only, that they are fixed horizontally or 
nearly so, whilst the palisade is planted vertically. It is usual to 
give fraises a mtv small inclination dovinuards, in preference to 
any other pobitioii. 

QuiCKscr HEDGES are also often used to increase the strengtli 
of earthen Murks. 

In ordet to represent all these expedients iii your present 6gure, 
draw a fraise projecting from the scarp a little below the giound 
line, and pointing in a small degree downwards. On the liont of 
the berm of the scaip, draw a figtiie to represent a quickset hedge, 
in rear of w hich draw a palisade. Draw also a palisade on the 
covered way. 



The section of a fortress without revetmfvts is now 
complete. 

Sometimes there is a revetment, on each side, for the banks of 
the wet ditch only. 'Fhcn the place is said to be constructed with 
water revetments. 


/ Draw small revetments, on each side, for the banks of your wet 
ditch, placing the top of each on the same level with your berms. 
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The section of a iortress with ^ater rf\£TM£NT8 13 
DOW complete. 

Sometimes s rampart may be coiistiucteci with dunirevetment^ 
orhali iPVLtments, which implies that the lowei hair**the scaip 
only IS ie\eted. 

Rub out the lower part of your scarp, from the fiaise down¬ 
wards, 111 plate of winch diaw a revetment with a broad berm at 
the top of It, and a (ounterfoit. Male the roiinterfoit lower than 
usual and draw a hedge upon tlie berm in rear of the levetment. 

Rub out tlie imaginary parts of your ground line, and draw a 
dotted horizontal line, baclwaids, from tiie cicst of the glacis, 
meeting the scarp. 



The section of a rampart with demiroetments is now 
complete. 

By inspecting this figure, you may observe, that the glacis 
effectually coveis the whole of the demirevctment, as also the 
lower part of the earthen slope of the scarp, so that it would be 
impossible for an enemy, to strike those parts of the rampart, 
which are below the dotted line, by cannon shot fired from batteries 
constructed any where beyond the glacis. 

It will likewise be evident, that all tliat part of the scarp, which 
is below the dotted line, might be reveted, without exposing any 
masoniy to the fire of distant batteries; and in that case the ram¬ 
part would be much stronger than it is at present, for the higher a 
revetment is, the more difiicult it becomes to talc it by escalade 
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lo scaling a woik» th e ladd ers ought to be of such a strength, as 
to support the greatest possible number of men, who can conveni¬ 
ently stand or move upon them. If this precaution is neglected, 
and the ladders are made so weak, that only two or three men ran 
ascend at the same time with safetv, whilst the othen must wait 
below, till they reach the summit; tliese unsupported individuals 
may easily be overpowered in case of resistance : or what b more 
probable, in the ardour and confusion of the assault, the men 
ordered for that duty wdl rush on, regardless of the weakness of 
their ladders, the whole or the greater part of which will conse¬ 
quently break dowm, and the enterprise will fail.* 

But when revetments are thirty feet high and upwards, ladders, 
having the requisite strength for a vigorous escalade, w ill become 
so very unwieldy, that if w'e take into consideration the whole 
process, first, of carrying them across the glacis, secondly, of 
descending the counterscarp by means of them, and afterwaids of 
planting them against the scarp revetment, and mounting upon the 
parapets of the body of the place; it becomes altogethei a task of 
such labour and difficulty, that unless the garrison of the place 
attacked should be culpably and unaccountably negligent, a tiling 
which it is not fair to calculate upon in war, the success of such an 
enterprise is next to impossible. 

When the revetments of a fortress are very low, 10 or 12 feet 
for instance, then light manageable ladders, which may be carried 
and planted with great ease, will be strong enough for the purposes 
of escalade. Such places, therefore, particularly if they have no 


* Of all scaling ladders of equal length, that con be used in sisaulting 
a plaec, those which an* made with a namber of joints, each about five or 
six feet long, under an idea of portability, are tlic worst and weakest At 
least I can say, from e\perienre, that the sraliiig ladders of tliis desenp- 
tion, wlucfa form an article of store in the British service, are bad, and not 
to be depended upon. Act ident^ have frequently happened in using them 
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«onfiter8C8fp, or a veiy low one, are liable to be taken by a general 
aasault, and, in consequence of the weakness of their pro61e, tb^ 
can never be considered secure, without very powerful and vigilant 
garrisons. 

One of the first and most essential objects, to be attended to, in 
planning a fortress, is to render it secure against a surprise or sud« 
den assuiilt; so that an enemy can have no hopes of taking it but 
by the tediou«, expensne, and laborious process of a regular siege. 
In places ^^ltil di> ditches, this depends principally or entiicly upon 
the height t>f the revetments, both of the scarp and counterscarp. 
Con&cqueiiti\, as far as the above object alone is concenied, the 
scarp revetments of a fortress can scarcely be made too high i 
and tlierefure, in cases where deniirevetnients ha\e been used, it 
has been dune solely from motives of economy, tlie lowest revet¬ 
ments being invariabh the weakest. 

It has been judged best, however, not to make the top of the 
scarp revet inent of a fortress higher than the level of the crest of 
the glacis, as represented by the dotted line in our present figure; 
because if raised above that Ici'el, a part of the masonry would be 
liable to be injured by the fire of distant battei ies. 

In conformity with this rule, in the first figure of the sections 
of a regular fortress, which you drew by scale, (See Chap. FI, 
and Plate 2d.) the scar p revetm ent, exclusive of the cordon, is 
made thirty*one feet high, above the level of the ditch. This 
exactly agrees with the height of the crest of the glacis, which is 
nine feet higher than the ground line, whilst the latter is twenty- 
two feet above the level of the ditch, making thirty-one in all. 

From hence, it may appear, that, generally speaking, if the 
above rule is attended to, the scarp revetments of the main inclo¬ 
sure of a fortress cannot be made much mmre than thirty feet high, 
which in a commanding profile, such as those contained in this 
book, wilt extend about two thirds of the height of the scarp 
only; but in a less commanding profile, such as is more .usually 
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recommended, it may extend three fourths of the total height of 
the scarp, or even more.* 

The rule, which has just been stated, of reveting only a part, 
not the whole of the scarp,, has not alw'a,>s been follow'ed in 
modern fortifu ntion. A contrary practice prevailed, even after 
the period, tliat the outline of the bastionary system had been 
brought to considerable peifection. 

When the whole of the scarp is reveled, a lampart is said to 
have full levetments. 


We shall proceed to exeinplitv tins method, by drawing the 
section of a rampart so constiucted. 


Draw part of a rampart, in the usual manner, including the 
interior slope, the terreplein, the banquette, and the whole of the 
parapet, excepting its exterior slope only. 

From the exterior crest of the parapet drop a perpendicular for 
the total height of the scarp. Upon this perpendicular, as a 
scarp line, construct a revetment, the top of wliich must not, 
Iiow'cver, reach quite so high as the top of the perpendicular itself; 
and let the difference of height be about equal to the height of the 
banquette. 


Draw also a counterfort to 
your scarp revetment, in the 
usual manner. 



* In Cormontaigiir's profile, the scarp revetment is 32 feet high, exclu* 
give of the cordon; the total height of the scarp from tlio level of the 
ditch to the exterior crest of Hie parapet being 40 fret 6| inches nearly. 
Other French writers, who are advocates fur the graxing system of fire, 
make their scarp revetments 32 feet high, in a searp of 36 feet 6 inches. 
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The top of the scarp revetment, in your figure, agrees nearly 
with the level of the bottom of the parapet. The short perpen¬ 
dicular above it represents the front of the parapet, which, in this 
construction, must aUo be leveted; but tiie wall, built for that 
purpose, is usually made a little thinner than the top of the scarp 
revetment. 

Draw the bac k of the extenor revetment of your parapet, as 
above described, parallel to the front of it; but not extending 
quite so far to the rear, as the back of the scarp revetment. 

This being done, draw the 
projection of a coping, at the 
top of THE rXTERlOB RE- 
VEIMENT or THE PARAPET; 
and draw that of a cordon, at 
the top of the scaip revetment. 



Rub out superfluous lines in jour revetments; complete jour 
section, bj draning a ditch, covered way, and glacis, in the usual 
manner; and draw a dotted honzontal line, fiom the crest of jour 
glacis backwatds, meeting the scarp. 



The section of a fortress with fell revetments, that 
is to say, with the whole of the scaip reveted from top to bottom, 
is now complete. 

I 

A place, so constructed, by reason of the extraordinary height 
of its walls, is very secure against a sudden assault; but it labours 
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under a great disadvantage in case of a siege. The whole of that 
part of the masonry of the scarp revetments, which is above the 
dotted line or level of the glacis, is completely exposed to the lire 
of distant batteries; and tliis, according to the usual profile 
given to a rampart, would form on an average nut less than one 
third of the total height of the wall. The same objection, there' 
tore, applies in some degree to this construction, which was urged, 
in the foregoing chapter, against the high naked walls of antiquity. 
The besiegers might, by a distant fire, completely ruin tlie upper 
part of the full revetment, which in its fall would bring down 
nearly the whole of the paiapet along v\ith it.* Consequently, 
although a practicable breach could not thereby be rfiected; }et 
the principal defences of the fortress might be almost completely 
disabled in a few da\s, so that an enemy might carry on the 
ulterior operations of the siege, comparatively speaking, with far 
less difficulty and loss, than would necessarily be incurred in 
attacking any oUier fortress of the same relief and outline, but 
with scarps only in part reveted. 

d^ield works arc always constructed with earth, and most fre- 
quently commanding situations, such as the summit of heights, &c. 
arc chosen for them. In such positions they can seldom be 
secured by wet ditches; and therefore their principal strength 
depends upon palisades, fraises, and other obstacles of a similar 
nature. One of these contrivances, called chevaux de frize, shall 
be described here, being often employed, not only in field fortifi> 
cation, but also in permanent works. 


* Vauban, who built his fortresses with full revetments, generally gave 
the rampart a command of about 14 feet 6 inches over tlie crest of the 
glacis. Making some deduction for the dip of the parapet, there must 
ffierefore have been about 11} or 18 feet of masonry, completely exposed 
by tlus roBstmetion. * 



CHEVAUX DE PRIZE. 


313 


Chevaux dc frize consist of strong pointed stakes, usually set up 
at intervals of six or eight inches apart; in such a manner as to 
cross each other in the form of a St. Aiidrcw^s cross, with the 
upper or projecting points raised to the height of about five and a 
half or hw feet from the ground. As they are not usually driveii 
into the earth, they are let into a stout beam of timber, by means 
of tenons and moitises made for the put pose. This beam forms 
the center of the cross, and keeps a considerable number of the 
stakes together. The latter arc commonly called the spears. 
Any one beam, with the spears attached to it, forms what is 
called a stand of chevaux de frize, which may be made of any 
length that is judged most convenient. The points of the spears 
are generally shod with iron. 

The section of a stand op 

CHCVAUX DE FUIZE is aS fol¬ 
lows, in which thl beam is 
represented by the square in 
tlic center of the figure. The 
SPEARS are also represented. 



To illustrate still mure clearly the nature of this obstacle, the 
oblique ele\atiou of a stand of chevaux de frize is added. 



Chevaux de frize are not alway.s made in the manner represented 
m the above figures. Sometimes a greater number of projecting 
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^lears are used, in M^hich case 
fbe beams aie not cut square but 
beiagonally. The section of a 
Stand so constructed is as fol¬ 
lows. 

Cbevaux de frise, when used in iiermanent works, are generally 
placed on the berms of fortresses having earthen ramparts or 
demirevetments. 

A barrier, for the purpose of shutting up a road of communi- 
catioD, is sometimes formed by a stand of chevaux de fiuc. in 
wluch case, the stand is made to traverse oi move round on a 
pivot. The motion of k cuevalx dt fhizl barrier is 
facilitated by means of a wheel, oi wheels, fixed eitliti to one or to 
both ends of the beam, as to an axle tree, whicluxei tiia) be 
judged most convenient; and the spears do not quite leaih the 
ground at bottom, in order to prevent them from impeding the 
motion. 

In strengthening woiks by chevaux de fri/.e, the various 
stands are set up in the same alhnement to the extent reqinied, 
and the ends of the beams of the adjoining stands arc riiained, 
or oUierwise firmlv fixed together, bj iron woik. To give greater 
firmness, the end? of the lower speais niav, if it is judged ptoper, 
be let into the ground; for whieli purpose tiicj should, in that 
case, be made a little longer than the upper ones. * 



* Portable chevaux de tiize weie ronimoii in funner times, anil in tha 
British service the} still lurm an arlic le of store in the Engineei Depart¬ 
ment of the Ordnanev. The beams and spears ol tiiese portable chevaux 
de frize are made lighter and hhortcr than usual; and they aio stowed aw a}, 
in a compact manner, in large casks, with the means of putting them 
^etber, when reipiired. ‘ 
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CHAP. XVL 

OF THE GENERAL RULES AND PROPORTIONS. WHICH 

OUGHT TO BE OBSllRVED, IN DETERMINING THE OUT^ 

LINE OF A BASTIONARY FRONT OF FORTIFICATION.— 

EXPLANATORY TABLES AND REMARKS. 

It %\as before stated, that the length, and other dimensions, of 
the various parts of a bastioiiary front of fortification, are sus* 
ceptible of some variation; but that tlieie are certain limits. 
be)ond which any further increase or diminution of the magnitude 
of an) particular part w'ould be prejudicial. 

In determining the proportions of a regular front of fortifica** 
tion. the following objects are desirable. 

1st. That the curtain shall be of such a length, as to admit of 
one half of it being properly defended by the light flank, and the 
other half of it by the left flank, of the adjoining bastions. 

2d. Hiat the length of Uie lines of defence shall not exceed 
the range of innsquct shot, in order that an enemy assaulting any 
part of the body of the place may be exposed to an enfilading fire, 
not only of artillciy but also of inusquetry from the flanks. 

3d. It has been laid dow n as a rule in fortification, that whenever 
the face of a work is intended to fire in any particular direction, it 
should be constructed at right angles to the said direction, or 
nearly so. If this is not attended to. the line of fiic both of can¬ 
non and inusquetry. acting from die work, will become oblique, 
which is a great disadvantage; for gun batteries with oblique 
embrasures arc more troublesome to construct, and weaker than 
others, as shall afterwards be explained : and as far as regards the 
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fcrrice of musquetiy, it is at all times very inconvenient for a line of 
troops to fire obliquely; and in the confusion attending a general 
assault, particularly at niglit, they seldom can be made to present 
otherwise than straight before them, so that the greatest part of 
their fire on such occasions, if required in an oblique direction, 
might be uselessly thrown away. 

For this reason, when any work is intended to ^nk another, the 
former should be laid out perpendiculaily, or ncail} so, to the 
lace, which it is to defend. But in applying this rule to the 
bastionary system, as the fla nk has to protect not only the face, but 
also the curtain, it evidently cannot be made {lerpcndicuiar to both. 
In the early periods of modern fortification, it was usual to make 
the flanks at right angles to the cuitaiii, in the manner represented 
in front. No. 1, of the annexed figure. Atlerwards it was found, 
that the defence of the faces of the bastions was of more im- 
portance than that of the curtain, tlie former being most liable to 
an assault, in case of a regular siege; and tlieiefoie the flunks 
were made perpendicular to the faces produced, or iicaiiy so, as 
represented in fronts No. 2, and S, of the same figure. 



When the flanking angle, c d e, is a right angle, the opposite 
lace, e f, is said to be defended by a grazing fire. 

In front No. 1, on the contrary, the faces are defended by a 
plunging fire, as is shown by the line, i k, supposed to denote the 
path of a musquet ball fired from the point, i, in the flank, i b, 
to protect the opposite face. 

Front No. 3 shows Vauban’s metliod, which has been generally 
approved, in which a line, e h, drawn from Uie point of a bastion 
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to the center of the opposite flank, is at right angles to it; so that 
the flanking angle, e g h, is acute in a small degree. Hence the 
fire of the flanks, in No. 3, is more plunging than that of front 
1 ^ 0 . 2. The advantage of this coiistructlbn is, that flanks having 
a moderately plunging fire will be able to see into any breaclies, 
tliat may be effected in the faces of the opposite bastions, in case 
of a siege, rather better than if they acted v^ith a grazing fire only. 

In the imperfect construction of the bastioiiary outliue, used in 
(lie rally periods of the art, the lines of defence did not terminate 
upon the extremitie.s of the curtain, but upon some central point of 
it, such as, a, in No. 1; so that a certain portion of the curtain, a b, 
assisted in flanking tlie opposite face, in an oblique imperfect 
niannei. Tor this reason, it was usually called the auxiliary 

FLANK. 

4th. The faces and flanks of the bastions should be extensive, 
so as to admit of a powerful combined fire of cannon and mus* 
quetrv. 

5th. Tlie'inlerior of the bastions should be spacious, in order 
to allow sufficient room, for tlie movement of guns, carriages, and 
troops, in various directions, without interfering with the onk 
iioeiivres of the guns placed in battei 7 upon the ramparts; as also 
for the formation of traverses and splinter proofs, in convenient 
situations, for a protection against the effect of the enemy’s 
enfilading batteries and sliells. Spacious bastions are likewise 
preferable in another respect, inasmuch as they may be more 
advantageously defended by means of interior intrenchments to* 
wards the gorge, than is practicable in smaller ones. 

6th. The salient angles of the bastions should always be made 
as obtuse as circumstances will permit. 


The advantages of this construction will be evident, on inspect'^ 
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the annexed figure, in whicb two bastions are represented, 
whose faces and flanks are exactly of the same length, but of 
which the one is \er^ obtuse, and the oilier very acute. 


r 



In the acute bastion, A, it appeals, that it is quite ini|>ossiblc to 

place gun batteries nearer to the salient angle, e, than the points, 

c,d, and thus a consideiable portion, c e, and d e, of each face, is 

rendered useless for the service of artillerv. 'I'he width of tlie 

¥ 

is also contracted to a most inconvenient degree, so that 
there would not be a profier passage for troops, guns, Sec.; and 
the interior capacity of the bastion is so small, that the men w ho 
may be ordered to defend it, being crow'ded into a narrow’ space, 
will not only be rraiii{)ed in all their movements, but will also 
be exposed to much greater danger fiom an enemy’s fire, particu* 
Jarly of shells, than would be the case in a larger work. 

In proportion to the acuteness of tlic salient angle, it will also be 
evident, that the masonry near the point of the bastion must be 
weakened, and rendered the less capable of resisting the eflect of 
an enemy’s breaching batteries. 

In the obtuse bastion, B, on the contrary, it will be seen, that 
none of these disadvantages occur. Guns may be placed in any 
part of the faces and flanks without inconvenience; and there is no 
want of space, for any useful purpose, in tlie interior or towards 
the gorge. 
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There is anotlier very great disadvantage attending acute has* 
lions. Tlic> are by far the most liable to injury from an enemy’s 
enfilading batleiies, in the event of a siege. 

This Mill be understood by examining the annexed figure, which 
represents part of the outline of a fortress, consisting of five bas- 
tion% wheieof the first four arc obtuse, but the fifth is acute. 







A and .'•liow the position of batteries, which may be supposed 
to be (‘stabiished, b> a besieging army, for the purpose of enfilading 
the faces of the acute bastion No. 5. C and D, in like manner, 
reprcsc'iit batteries, established for the same purpose, against the 
rigtit face of tlic obtuse bastion No. 4, and against the left face of 
the obtuse bastion No. 

Now if we suppose the whole of the above batteries to be 
placed at about fiOO yards from the points of the bastions, against 
which they are directed; it will be evident, by inspecting the 
figure, that the batteries, A and B, are exposed to a direct fire only, 
whereas the batteries C, D, are exposed not only to a direct fire, 
but also to an enfilading and reverse fire, from the works of the 
fortress, at a much shot ter distance. 

Thus the enfilading batteries, erected by a besieging army 
against acute bastions, may effect their object with little loss; 
whereas batteries, established for the same purpose, against obtuse 
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bastions, must necessarily be placed in more disadvantageous situ¬ 
ations, where they may be exposed to a cioss fire of the most 
destructive nature, acting upon diem in front, in flank, and in 
rear. 

In some few cases, circumstances ma) admit of bastions being 
constructed with such very obtuse salient angles, that an enemy*!* 
enfilading batteries, C, D, may not even be able to have a piupei 
direct view of the faces of the bastions, but must fire ovei some 
intervening ravelin, as is represented in the figuie. Hasdons of 
this description can receive little or no iiijuiy, from th(‘ < nfiladmg 
fire of sQch batteries. 

the above considerations, it has been laid down as a rule, 
that the salient angles of works in gcncial should not he less than 
60°; and as far as regards tliose of bastions in purliculai, it may be 
allowed, that the more obtuse they arc made, the better will it be 
forlSe purposes of defence, provided that no oUier essential objecl 
is sacrificed, in so doing. 


REMARK. 

Id fortified polygons, whose exterior sides aie of equal length, 
tlie salient angles of the bastions are always more obtuse in pro¬ 
portion to the greater number of sides; and it has just been 
explained, that this adds to the strength of a fortress. Consequently 
the front of a decagon is stronger than tbat of a pentagon, but 
weaker than that of a dodecagon, supposing that all the thiee are 
fortified according to the same system. 

There is also another reason, which makes a large fortress 
stroller than a small one, in proportion to its extent; namely, tbat 
tlie former, when besieged, requires a greater degree of labour in 
formii^ proper approaches, &c. against it, than the latter, as will 
be easily understood, when you come to study the plan of attack 
of a regular foi1rps»i. 
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Having now stated the varioiii* objects, wliirb are of importance, 
in planiiiin; tb<' outline of a ba*>tionary front; it is proper to 
remark, as a thine, which invariably ho]d>> good in fortification, that 
anyone acknowledged and indisputable ad\antage, if carried too 
far, will always jiroduce some inconvcnicncy or e\il, which will 
counterbalance it. 

For example, in a foregoing chapter, it was explained, that in 
ram]>nits of <.(|uul height, a full revctinent is nuirli stronger against 
a sudden assault than a ])uitial or deniirc\e^iient; but Uien it was 
also shown, that the latt ei is infinitel y iiioie capable < 
enemy’.s batteries, an((^^!s"Taung"tcss uiasoiiry, it is 
expense r. 

To apply tin* same general remark to our present subject, it will 
be evicieiit, that if the exterior side of a fiont of fortihclffiS^ris 
longer than usual, the bastions may in coiise(|Ucnce be made more 
extensile and spacious, which will so far be of advantage; but by 
such a construction, the lines of defence will also be lengthened 
in the same propoition, so that an encinv assaulting the bastions 
might be out of range of musqiiel shot fiom the flanks. Hence a 
very great evil would arise. 

Again, by shortening the perpendicular of a front of fortifi¬ 
cation, the salient angles of tfic bastions will bc’Teiidereiff'more 
obtuse, which will be advantageous to tlie defence; but tlien the 
diminution of the flanks, necessarily caused by this construction^ 
will have a contrary tendency. 

Moreover, by diminishing the length of the faces of the bas¬ 
tions, when the exterior side is of a given length, the flanks will 
be increased, which is an advantage; but the lines of defence 
will, at the same time, be lengthened, a thing which, as was 
before explained, is jiiy no means desirable. 

TOL. II. 


•f resisting an 
als^^^ast 


Y 
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Thus by increasing the magnitude of any |Mirt of a front of for¬ 
tification of a gi^cu length, the dimcfisions of some other }VM't of it 
must necessaiiK be diminished, and vice \ersB; and aa there are 
limits, beyond which the diiucnsions of uuy partieulnr part eannot 
be incienst'd or diminished without prejudice to the strensili of #ie 
fortress, it follow s, that there must be a certain medtum hingtii fnr 
the lurious parts of the oiitiine of a bastioiiuiv fiuiit, which, u]>on 
the wliole, will be the most ad\antageous fur the purposes of 
defence. 


Eg|j|y|ecrs iiave, however, \aijed^jy|Mdiei|^^ as to the proper 
medium length, and form, of the vanoiis paits of the outiine; tmd 
a number of different '.>st»ins of foitifKalioii, before alliuh*d to, 
ha\e ac'cordingly been piopo-icd. Itg^ l has been mi\ geiuTaliy 
a^o^^, that an cxtcii or side ,of abemt \ards. a ucmeuctn^lar 
ot about one sixth of the rxieiior side, and bastions whose face s are 
about two se\enth3 of t lie exterior side in it'iigtli, foini a well- 
proportioned simple front; aiiJ" tliest* diinensioirs toiiHUiute what 
has been called tlie fiist m stem of Vaubuii, the couslriH’Uon of 
which has been illustrated in the 5th and l.Oih cliaptei's of tiiis 
work. 


The abo ve nro^rn ttions. however, strictly speaking, arc only 
suitable to hexagonspol ygon s of a g n*atcr number offsides. 
If used m the ^consirAictiou of the |Miiiagoa or square, the salieol 
angles would thereby *be i«efidercd too acutP) and the gorges too 
narrow. It has therefore been judged best fo give to tlie pentagon 
a perpendicular of one'seventh} to the squai^o a perpcii d i c u h u r 
of one eighth, of the egterioR sidotOnly. » 

11 fi ’ 

In the annexed Tabre, marked No. I, the first line gives the 
dhnensions of the vaiious parts of one of VaubaaW.fint 
iystem, as above explained; the remaining wce show file vaiioM 
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tioos, whicli \%ould be prudiiced in die above front, by diminishing 
the length of the perpendicular, from one sixth to a smaller pro¬ 
portion, without changing any of the other parts. The width of 
the gorge is calculated, as it would appear in a simple outline, 
and consequently a deduction must be made for the thickness of 
the para|)ets of the opposite flanks, &.c. in order to find its actual 
width. 

A second Table ha^ also been annexed, to show the further 
\ariations, which would be pioduced in a fiont, whose extciior 
side is of the same length, us above supposed, by alt^in^jaot 
only the proportion of the perpendicular, but also the length of the 
faces of the bastions.* 

I sliall next notice some of the principal angles of a fq|KfiS*> 
introducing a few simple rules for finding them. 


* The lriigtli« of the flanks, curtains, and lines of defence, as w ell as the 
total length of tin* outline of each fiont, gi^ cn in the various tables, contained 
in this chapter, have been found b} gcoiiictriral construction, not b> calcula¬ 
tion ; and therefore it will be understood, that I do not voueli for their accuracy 
to aui} ^ery great degree of iiiecty. I’hey arc, however, correct enough for 
any useful practical purpose. In Table 111, the various iinoibcrs are all 
laid down avcoiding to cali'iilatinn, and are consequently much more 
minute, than is absolutely necessary. If a rough calculation only should be 
required, time w ill therefore be sav ed, in using that Table, by rejecting as 
many decimals as may appear convenient. 

The Ijcariicr is recommended to exemplify some of the principal varia¬ 
tions contained in tbq Isl, Slid, and 1th Tables of this chapter, practically; 
drawing by scale, first a front of forlincation of the given length of extos 
rior side,&c. and aflerwaids obsening the changes produced in his figds^ 
by increasing or dimiuisliiug the length of the perpendicular or 
This will be more ifi^nictive tluui a meie reference to tlie Tables, whicji' 
ore chiefly calculated, save trouble to those who aic aheadv mastei|4)t' 
the gcnenil principles ^ 
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Rule 1. To find the interior angle, or angle at the center, of 
any regular polygon: Divide 360 degrees by the number of sides, 
and the quotient will be the answer. 

Thus in the decagon, .360® divided by 10, gives a result of S6 
degrees, fur the interior angle of that polygon. 

Rclc II. To find the cxtej|^jiigle of any polygon : Deduct 
the inteiior angle from 180 degrees, and the remainder will be the 
answer. 

Thus for instance, in the decagon, deduct ‘Uj® from IBC^, and 
144® will remain for the cxfeiior angle of that polyi*<Mi. 

In fortified pohgons of every description, when the perpen¬ 
dicular is one sixtii of the cNtenor side, the d^mmnshe(|^igj^w 
be 18° 26'4": when the perpendicular is one seventh, the 
diminished angle will be lj° ,j 6'4*51''• wlieii the pcrpendwiilar is 
one eighth, the diminished angle will be 14® C 10J". at one ninth, 
it will be IS"' 31' 4.31": and at one tenth il will he 11° 18' 36". 

Ri le HI. To find the salient angles of the bastions of any 
forUfied polvgoii: Deduct twice the diminished angle from the 
exterior angle of the original poljgoii; and the remainder will be 
the answer. 

Thus in the decagon, if the perpendicular is one sixtli of tiic 
exterior side, deduct twice 18® 26' 4' from 144®, and the remain¬ 
der, 107® 7' 32", will give the salient angles of the bastions. 

But if the perpendicular of the above polygon bad, for any 
reason, been made only one eighth of the exterior side; then 
from 144 degrees, deduct twice 14® 2' lOj", and the remainder, 
115° 35'39", will give the salient angles of the bastions of a 
decagon thus fortified. 

To save the trouble of calculation in common cases, a third 
Table has been added, in which the radii, areas, and angles, of 
various resrular nolvaons. are inserted. 
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Those columns of the tliird Table, which give the proportional 
radius and area of the various polygons in decimal parts, when the 
exterior side is equal to 1, will Ik; ussful in calculating the actual 
radius and area of any polygon of a given exterior side, that is to 
be fortihed. The rules are as follow. 

Rtle IV. To find the radios of anv polygon, whose side is 
of a given length, by means of Table III. Multiply the given 
side, bv the proportional radius, markc^l in the Table opposite to 
the proper polygon, and the product will be the answer. 

For example, supposing that a regular octagon of 084 yards 
side is to be fortified ; multiply 384 by I’JCKiG, the propuitional 
radius for that polvgon; and tlie product oU 1*7344, or 501 yards 
nearly, will be the requiied radius. 

Rule V. To find the area of any polygon, whose side is of 
a given length, by means of Table HI. 

Method 1. Multiply die .square of the side by the propor> 
tional area, marked in the 'Fable, opposite to the proper polygon, 
and the product will be tlie answer, in supeiiicial measure, of the 
same denomination. 

Tlius, fur example, in a regular octagon of 364 yards side, 
multiply 1479456, which is the square of 384, by 4*8284271, the 
proportional area for that polygon, and the product 711,980*546 
gives Uie area of your supposed octagon in superficial yards, which 
may be reduced into acres by dividing it by 4840. 

Method 2. When it is proposed to find the area of a n^lar 
polygon HI acres at once. Reduce the given side into yards, if 
necessary, and multiply the square of U, hy the number marked 
opposite to the given polygon, in that column of the Table which 
is entitte^ ** proportional area in acres, &c.” 'Fhe product thereby 
found will be the answ’er. 
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Thng, for exdmpiej in a regular decagon of 1152 feet side; 
divide first bj to reduce it into )rard8y and 384 will be the 
quotient. Then multiply 147,456, the squaie of this number, hf 
•000t)tl7608p, and the product, 147*1034, which is equal to rather 
more than i47iS acre!*, will be the area of a regular octag<Hi of 
.384 yards side, as required. 


We shall nest consider the variations that will be produced in a 

front of fortification, constructed according to Vauban's first 

system, by altering the length of the exterior side, without 

changing any of the other proportions. 

Allowing the perpendicular to be |th of the exterior side, and 

the faces of the bastions to be f ths of the exterior side, according 

to the aboic <ystein; then the proportions of the remaining parts 

uill be verv ncailv as follows. 

• • 

The fiankb about 4th 
The curtain .... fibs 
The lines of defence 
And tile total length of the outline 
of one front rather more than Ij 

Hence in a front of 200 yards, fortified according to Vauban*s 
first system, the faces will be about 57 i fianLs 28| 


> of the exterior side.* 





• By moans of those proportions, the dimensions of the various parts of 
any front of a gi\en length of exterior side, fortified according toVaie* 
han’b hist byslein, may be expeditiously found, to such a degree of correct* 
ne^s, .*iH will suffice for the purposes of rough calculation. 

Rut if gi eater aceiiraey should he re<|nhed, the exact length of the varioos 
parts may be ascertained by the foUosiing rale. 

Multiply the length of thd gi>qn exterior side, in yards, 1st by 0*386558, 
to find the faces of the bastions; 3dly by 0*145136, to find the flanks; 
3dly l>v 0-393575, to find the curtains; 4thly by 0*734311, to find the lines 
pf defence ; and lastly by 1*356706, to find the total length of the front. 



330 ELEMENTARY FORTIFICATION, chap. xvi. 


yards; the curtain about 80 yards; the line of defence about 
146| yards; and the total length of the outline of the front rather 
more than 250 yards. 

In so small a work the flanks could barely mount 4 guns, and the 
faces about 8 guns, admitting the bastions to be rather obtuse; but 
if they are supposed to be acute, then the number of gdin, capable 
of being mountdl^PiHch t i^fcil|4iuiiiii Mi i proportion. 

Tile curtain also will be rather too short to admit of its being 
properly flanked in every part, if the rampart is of a bold 
relief. 

200 yards may therefore be considered the shortest regular 
front, that ought to be admitted in fortification; and that only in 
very small forts, such as square forts or pentagons, whose extent 
is either limited by circumstances, or which are of secondary 
importance.* 


In larger fortresses, whose outline is formed of more extensive 

polygons, such as hexagons, heptagons, and upwards, it is dcsiiable 

to make the exterior sides of the fronts in all cases at least SCO 
* » 

yards in length; but^tlie nearer tlicy approach to 384 the 
better.f 



Authors have divided fortifleation into three different styles, 
which they term tl||^mean, great, and little. 

Little fortification implies that the length of the exterior 
aide is about 320 yards, or less; *■*■** / ^ i ! 

Mean fortification implies that the exterior side is about 
384 yards; f , i ' 


* Id Cumberland Fort near Portsmouth, a very wcll-cxociited pentagonal 
work, the principal front is 240 yards in length, the remaining fronts being 
•adi 200 yards. 

t Tb« principal fronts of Portsea Lines are each 300 yards in Icnglk* 
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And GREAT FORTIFICATION implies that the exterior side is 
about 425 yards in length. Vaubao^ however, to Mhom the use 
of these terms is ascribed, is said in peculiar cases to have con* 
structed fronts of even 450 yards in lengtii or upwards. 

It 

ing 

consequentU, in proportion as the length of a front so fortified 
vaiies from .'100 to 400 vards, the line of defence will increase 
from 220 to 293 ^ards. Even at the former distance the common 
musquet is \ei} uncertain in its efl’ect; much more so at the latter. 
As far as the flunking musquetry defences alone are concerned, 
it would therefore certain]} he desirable, to make the exterior side 
of a regular front considerably shorter than 384 yards, if othe^ 
important considerations did not oppose ^it. At all events, if 
must be acknowledged, that it is always proper to have the line of 
defence as shoit as circumstances will permit; and therefore in 
fronts exceeding 3B4 yards, it has been laid dow n as a rule, that 
the lengtii of the faces of the bastions should be increased from.. 
«ths to id of the exterior side, or upwards.* . 

, • \ t 1 

The following Tabic, marked No. will show the changes 
produced in long fronts of forliflcatioti, by ||nin^liie length of 
the ifaces of the bastions ; the pcrpendicula^fc all cases dieing. 
supposed jb be one sixth of the exterior side. 



* The line of defence of a front of 384 yards, is nearly 282 yards in 
length; and the common iiifanb'j firelock is certainly by no means to be | 
depended upon at sueh a distance. all pieces, or musqnels oi a superior 
quality, should therefore be kept in store in IVery fortress, to be issued, in 
case of a siege, to the troops defending the body of the place. For Ih^ 
scr\ico of the outworks and covered way, the coroinoii firelock msy 


suffice. 



TABLJI^ IV. 


Showing the FarkUtont produced in long Fronts of Fortijication 
hy iiureusing the Lengtfi^of the Fates oj the Jiastions ton 
siderablif beyond their usual Proportions 
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RLMARK. 


Is ol yard.s cxWnor side, 

‘J7HS \anls exteri oii si de, or > ill exactly 
Is of ‘):>‘2 \anls cxtcri^Tsidf, ^ 


suffice 


^ 4j Itinc; fionts of yard.s cxteiior side, 
fronts of ‘J7 
^ '> slioit fjont‘ 
to ioitify one Ei^^lisli mile iu extent. If therefore the circum* 
feieiiee of anv ritv is given, voti nw ^ilv ffiid the nature of the 
])r»I\<roii, \>iiuii \m 1I be leqiiiii-tl to foitii> it, by nmltiphing the 
gi\< II e\ti lit in miles, by anv of the above numbers which you may 
Jiiiice (onvumiit. 

I'oi e^.iinple, supposing that the extent of any citv or spot of 
ground, wliieii is pioposed to be foititled, and of which you have 
an act urate plan, prove.s bv tiie scale to be two miles in circum- 
iticiici then it voii niult^dy ‘2 by the abo\e numbers, it will 
appeal tliat long fionts, 9!i middling sked fronts, or 10 short 
ones, will fxactly .suit lue given extent. But as th^ fraction of a 
tiont of toitification cannot be usedein practice, Tl follows that 
in plaiuiiug vow supposed foitress, vuu must either adopt a long- 
sided nonagon,*^! a short-sided d<'cagoii. 

i * 

Lung tiont# of 400 yaids and^npvvards have generally been 
usedfcOU those sides of a fortiess only^ which ara considered die 
least^able to an assault, a.s for instance on||^ sea line\)f imri- 
tiine foitiesses; pr on the bank of some i4. • unfordablc river. 
W'licii fortresses aie built with fronts of uiieipial lengths, thpy are 
said to be irregular. ’^I'lie natiiie of such ;i|orks shall b%inore 
full) explainedJbi a futuie chuptei. * ^ 

%: I ' m 

-j| 

* 111 iiK.isiiiiug liio e' tent of a town orrity road^ above purpose, it will 
111' roni.ic be uiul('ist(i.>.l, that the oiitliiip ohusm, which is to vorrespond 
with ihecxtnior suic.s ol the fortified polygon, must bo ti-accd at a siifiicient 

disUuiee licvoml all the slieets. biiildiiig'^. iv<-. which it may be proposed to 

» 

pieseive. » 



3S4 ELEMENTARY FORTIFICATION. cHAP.xn. 


Before \%e conc^^hi.s part of our subject, it may be piopcr 
to observe, that thoii|p^th QiM|^||||i«iaas measured on the util 
of any work, does not give a just criterioti for calculating that 
exact number of flanking gujyy that may be mounted thereon, •mm. 

To explain this by 
a figure, draw a work 
resembling a small 
bastion witli part of a 
curtain on each side 
of it. 



t 

This figure may represent either the scarp line of a demireveted 
work of respectable height, or the b^t of tin* exterioi slope <»f the 
scarp of a field work. Lot us suppose tiiat the Hanks uie only (>' 
yards or 18 feet in length. 

'llien, as feet is quite sufficient for a onc-giui batterv, it 
m^t at first sight Ikj consicTered practicable to plan* one gun iii 
each flank, in such a position as to be able to j|puk the adjoining 
curtains \^ith proper efifeej^. lliis lion ever will uot be the case, as 
will appear, when we proceed to complete tlie plan of our sup¬ 
posed work. ^ 

In r^ of the various lines of your present figure, and parallel 
to^hem, at the diitance of about 4 yards, diaw a second set of 
lines, to represent the exterior crest of the parapet. 


Aj^e distance of 0 
yards more, also *4et 
off towards the sear, 


draw ^ third set of 
parallel lines, in order 
to show the interior 



crest of the parapet; and complete your plan by inserting the 
necessary ridges and fujrows. 
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Tins beiiij; (lorn, draw 
a one-gun battci} in lai Ii 

r 

dank. 



It now ajiprais (\id(iit, that although one gun may be placed in 
(a<h dank, it is r|uiti inipussibli, on account of tiieir oblique 
position, lha ( aim of the si should act a& danking guns to protect 
tilt atl|oiiiing (iiitaiiis ( oust i|ueial\, in laltulating the quantity 
of ptop t r ll aikiii}: dt ft iit t s, to In gamed fioin any flank, a c^ am 
didill tmnjniist m ail i asi hi in iilt, on aicount of the spa ce that 
js lost h\ rt ason of thi t xtciioi slopi, and thickness of the parapet.* 


* tl tilt .malt * t lilt slioiiltli I w« n t ruiit malt, Hit* space lost would be 
(Ml 111 t i|ii ll 1(1 (III ll (I till ( vii Mol slop! .mil lljickni'ss of flic parapet 
ailiii ll tiurethi r hut il flu .ilii>\( <uuii isohtiisi, wInch is almost always 
till I asc, tliLii till sp.ii I lost Will III somucli the less, in proportion to the 
lUJ^iiiludi lit till anj,lt 


I.M) or M>Ll ME 11. 
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